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POTENTIAL HAZARDOUS WASTE SITE PRELIMINARY ASSESSMENT

PART I: SITE INFORMATION

1. Site Name/Alias Tutu Texaco_________

2.

3

4.

Street Route 38 and Route 384

City St. Thomas (Tutu District)

County N/A

State U.S. Virgin Islands Zip 08002

County Code N/A Cong. Dist. N/A

ERA ID No. New Site

Latitude 18°20'34"N. Longitude 64" 53' 18"W.

USGS Quad. Eastern St. Thomas. U.S. Virgin Islands

Owner Texaco Caribbean Tel. No. 809-774-1931

Street P.O. Box 3740

City Charlotte Amalie

Operator Unknown

Street________

City_________

State U.S. Viroin Island Zip 00801

Tel. No._________________

State Z'P_

Type of Ownership

[x] Private Q Federal Q State

n County Q Municipal Q Unknown [Other

Owner/Operator Notification on File

Q RCRA 3001 Date

[xj None

QCERCLA103C Date
Q Unknown

9. Permit Information

Permit

None

Permit No. Date Issued Expiration Date Comments

10. Site Status

[x] Active D Inactive

11. Years of Operation Unknown

O Unknown

to Present
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12. Identify the types of waste units (e.g., landfill, surface impoundment, piles, stained soil,
above- or below-ground tanks or containers, land treatment, etc.) on site. Initiate as many
waste unit numbers as needed to identify all waste sources on site.

(a) Waste Management Areas

Waste Unit No. Waste Unit Type Facility Name for Unit
1 _______Drums________ Waste Oil Drums____________
2 Underground Storage Tanks Waste Oil Underground Storage Tanks

(b) Other Areas of Concern

Identify any miscellaneous spills, dumping, etc. on site; describe the materials and identify
their locations on site.

No other spills, incidents of dumping, etc, were observed on the site during the NUS Corp.

Region 2 FIT on-site reconnaissance on 2/15/89.___________________________

13. Information available from

Contact Amy Brochu______ Agency U.S. ERA_______ Tel. No. (201)906-6802

Preparer Joseph Mayo_____ Agency NUS Corp. Region 2 FIT Date 03/31/89_____
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PART II: WASTE SOURCE INFORMATION

For each of the waste units identified in Part I. complete the following six items.

Waste Unit 1 - ____Drums______, Waste Oil Drums___

1. Identify the RCRA status and permit history, if applicable, and the age of the waste unit.

There are no known RCRA permits for this waste unit. The age of this waste unit is unknown.
Until June 1986, the Water and Power Authority (WAPA) accepted waste oil and used it for
fuel. A batch of waste oil was found to contain polychlorinated biphenyls (PCBs), and WAPA
stopped accepting waste oil. Currently, there is no acceptable method for disposal of waste oil
on St. Thomas. Waste oil generators must store all their oil.

2. Describe the location of the waste unit and identify clearly on the site map.

The waste unit is located in the northern corner of the Tutu Texaco property.

3. Identify the size or quantity of the waste unit (e.g., area or volume of a landfill or surface
; impoundment, number and capacity of drums or tanks). Specify the quantity of hazardous

substances in the waste unit.
There are twenty seven 55-gallon drums in the waste unit. Twenty-five of these drums contain
waste oil generated from automotive repair and servicing operations. The remaining two
drums reportedly contain dirt. There are also three 20-gallon drums and a few 5-gallon pails
containing waste oil on site. The total quantity of waste in this unit is approximately 1420
gallons.

4. Identify the physical state(s) of the waste type(s) as disposed of in the waste unit. The
physical state(s) should be categorized as follows: solid, powder or fines, sludge, slurry,
liquid, or gas.
Twenty-five of the drums contain liquid waste oil. Two of the drums reportedly contain dirt
which is a solid.

5. Identify specific hazardous substance(s) known or suspected to be present in the waste unit.

Twenty-five of the drums on site contain liquid waste oil from automotive repair and servicing
operations. This oil may contain small quantities of gasoline, kerosene, or degreasing
solvents. Sample analyses of waste oil from the Tutu Texaco station reportedly detected the

, presence of trichloroethene (TCE).

6. Describe the containment of the waste unit as it relates to contaminant migration via
groundwater, surface water, and air.
The waste in the unit is contained in drums that are stored on a concete surface. There are no
berms or curbing to contain the oil in the event of a spill. There is evidence of spills in the
storage area, and the bung on one of the drums was open.
A reading of 20 ppm was obtained from the open drum using an OVA flame ionization
detector. There were no readings above background in the ambient air in the drum storage
area.
The containment of the waste unit provides the potential for release to surface water by
runoff from spills and for release to groundwater by runoff and subsequent percolation
through soil.

Ref. No 1.21.22
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PART II: WASTE SOURCE INFORMATION

For each of the waste units identified in Part I, complete the following six items.

Waste Unit 2 - Underground Storage Tanks . Waste Oil Underground Storage Tanks

1. Identify the RCRA status and permit history, if applicable, and the age of the waste unit.
There are no known RCRA permits for this waste unit. The age of this waste unit is unknown.
Until June 1986, the Water and Power Authority (WAPA) accepted waste oil and used it for
fuel. A batch of waste oil was found to contain PCBs, and WAPA stopped accepting waste oil.
Currently, there is no acceptable method for disposal of waste oil on St. Thomas. Waste oil
generators must store all their oil.

2. Describe the location of the waste unit and identify clearly on the site map.

The exact location of the waste unit is unknown as the tanks were not observed during the on-
site reconnaissance conducted by NUS Corp. Region 2 FIT on 2/15/89. A preliminary
investigation conducted by the Department of Planning and Natural Resources (DPNR) on
8/5/87 indicated the presence of two underground storage tanks. One tank had a concrete top
and a concrete partition and the second tank was covered with a square steel plate. The
volume and composition of the tanks, were not determined. The material in the tanks is
reported to be waste oil.

3. Identify the size or quantity of the waste unit (e.g.. area or volume of a landfill or surface
impoundment, number and capacity of drums or tanks). Specify the quantity of hazardous
substances in the waste unit.

The capacity of the tanks and the quantity of waste in the unit is unknown.

4. Identify the physical state(s) of the waste type(s) as disposed of in the waste unit. The
physical state(s) should be categorized as follows: solid, powder or fines, sludge, slurry,
liquid, or gas.

The physical state of the waste is liquid.

5. Identify specific hazardous substance(s) known or suspected to be present in the waste unit.
The waste unit contains automotive waste oil. Substances such as gasoline, kerosene, and
degreasing solvents may be present in the oil. Samples of Tutu Texaco waste oil were reported
,£fr contain ,TCE.i

-- /

6. Describe the containment of the waste unit as it relates to contaminant migration via
ground water, surface water, and air.

The containment of the waste unit is unknown. The tanks are covered, but no other
information concerning the tanks' waste containment properties is available.

Ref. No. 1.21.22______________
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PART III: HAZARD ASSESSMENT

GROUNDWATER ROUTE

1. Describe the likelihood of a release of contaminant(s) to the groundwater as follows:
observed, alleged, potential, or none. Identify the contaminant(s) detected or suspected, and
provide a rationale for attributing the contaminant(s) to the facility.

The potential exists for wastes on the Tutu Texaco site to be released to groundwater. There is
evidence (photo No. R3-P10) that spilled oil is staining soil and may be transported to
groundwater. There are no berms or curbs to contain the waste from the drums in the event
of a spill. One of the drums was open.

The drums on site contain automotive waste oil. Air monitoring instrument readings indicate
that organic vapors are present in one of the drums. It is reported that samples of waste oil
collected from the site contained TCE.

There is insufficient information available to evaluate a release from the underground storage
tank for waste oil as the construction and integrity of this tank are unknown. There are no
reports of spills or leaks from this tank; however, waste oil in the tank is being stored in
violation of U.S. Virgin Islands laws.

Ref. No. 1,22

2. Describe the aquifer of concern; include information such as depth, thickness, geologic
composition, permeability, overlying strata, confining layers, interconnections,
discontinuities, depth to water table, groundwater flow direction.

The rock units of St. Thomas and St. John are divided into three major groups. The Water
Island Formation, which is late lower Cretaceous in age, consists of keratophyre and spiHates.
The Virgin Island Group, which is probably early Cretaceous or Albian in age, consists of
andesitic-pyroclastic rocks and sedimentary formations. The Virgin Island Group is divided
into four formations: the Louisenhoj Formation, which consists of augite-andesite breccia,
tuff, and conglomerate; the Outer Brass Limestone which consists of partially silicified-
tuffaceous-radiolarian-limestone; the Tutu Formation, which consists of tuffaceous wacke,
including mega breccia near the base and limestone near the top; the Hans Lollik Formation
which may be Eocene in age consists of augite-andesite breccia and tuff. The final group is
made up of one or more dioritic plutons These unamed dikes and plugs of quartz - andesine-
hornblende porphory are Upper Cretaceous and Lower Tertiary in age. Alluvium deposits are
quaternary in age.

The Water Island Formation which consists of 95 percent volcanic flow breccias was probably
extruded on a relatively level ocean floor. The absence of terrigenous sediments from this
formation indicates that there were no emergent islands present in the area at the time of
extrusion. Emergent islands would have served as a source of weather sediments or detritus,
which is not present in this formation. There is evidence that sea floor subsidence occurred
during the greater part of the accumulation of this formation. However, the subsidence was
not rapid enough to maintain a constant water level thereby causing explosive erruptions
near the top of the formation. Regional uplift occurred near the end of Water Island time.
The Louisenhoj Formation of the Virgin Island Group unconformably overlies the Water Island
Formation and crops out on about half of the land area on St. Thomas. Pillsbury sound
between St. Thomas and St. John was the origin of this formation. Evidence of this center is
based upon the coarseness of volcanic ejecta in the formation in nearby eastern St. Thomas
and western St. John. Material is less coarse and tuffs are more predominant further east and
west away from the pluton. This augite-andesite formation ranges in thickness from 4,000 to
13,000 feet. In certain areas of St. Thomas and St. John conglomerates are interbedded with
andesitic rocks at the base of this formation. The depositional environment of this
conglomerate varies from location to location throughout the formation.

TUT
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The Outer Brass Formation of the Virgin Island Group is mostly siliceous limestone which
overlie the Louisenhoj, Formation. This limestone formation is an offshore deposit formed by
radiolarian and foraminiferal remains including a minor amount of tuff. Thicknesses are
known to be up to at least 600 feet.

Overlying the Outer Brass Formation is the Tutu Formation. The Tutu Formation is fine to
coarse-grained volcanic wackes, which is termed flysch. This formation is derived from
eroding sediments from the Louisenhoj andesites. Exposed thicknesses are known to be as
much as 6000 feet. Within this formation, a megabreccia lithofacies with an average thickness
of 30 feet and a limestone member with thickness up to 300 feet is worth mentioning.

The Hans Lollik Formation which consists of at least 10,000 feet of augite-andesite pyroclastic
rocks, crops out on Little Hans Lollik Island. Dioritic plutons are located in Pillsbury Sound
between St. Thomas and St. John; the narrows, between St. John and the British Virgin
Islands; and south of St. Thomas. The exact delination of these plutons are uncertain.
Throughout the islands isolated dikes of quartz-andesine porphyries, andesine - hornblendes
porphyries, lamprophyres, breccias and pegmatites appear.

Folding occured after the deposition of the Virgin Island Group. Rocks were tilted to form a
northward-dipping homocline, which is cut by sets of faults trending N 45°W, N 55°E and
north. Well defined joint sets parallel each of the major fault trends. Dips range from 15° to
90° with the average being 40°. Strike-slip faults have horizontal offsets of less than 1 mile.
Two major strike-slip graben structures or fault systems exist. The first passes through
Redhook, St. Thomas and the eastern tip of Lovango Cay. The second crosses St. John, from
Contact Point on the southwest to Brown's Bay on the northeast.

Most recently Pleistocene to Holocene alluvial deposits occurred primarily in coastal
embayments. However, a narrow bank of alluvium extends up to Turpentine Run on the east
end of the island. Most of these deposits are composed of silt, clay, and thin, discontinuous
beds of sand and gravel. Maximum thickness of these is 50 feet.
Ground water movement is limited to openings and joints along fault zones. Regional
geologic information is insufficient to determine whether these fractures and fault zones are
present in all of the above-described formations; however, for this report it is assumed that
the fractures and fault zones are present in all of these formations. The valleys on the island
are the result of weak zones caused by faulting and jointing and are primary recharge areas
for groundwater. Alluvial deposits have a high porosity but low permeability, making this
aquifer unfavorable for groundwater production. In coastal embankments throughout the
island, saltwater intrusion is widespread in alluvial deposits. In most areas, alluvial deposits
are interconnected with bedrock and act to recharge precipitation to the underlying bedrock.

The direction of groundwater flow in the Turpentine Run Basin Aquifer is south-southeast
which is generally along the direction of flow of Turpentine Run. Depth to groundwater in
the aquifer ranges from 5 to 60 feet, and the altitude of the water levels ranges from 1 to 209
feet above mean sea level.
Ref. Nos. 9,11,16

3. Is a designated sole source aquifer within 3 miles of the site?

No sole source aquifer, as designated in the Federal Register, is located within 3 miles of the
site.

Ref. No. 8

4. What is the depth from the lowest point of waste disposal/storage to the highest seasonal
level of the saturated zone of the aquifer of concern?
Drums are stored on a cement floor at ground level. The lowest point of the waste oil
underground storage tank is unknown but is assumed to be at least 6 feet. Depth to
groundwater in Virgin Island Housing Authority (VIHA) well Nos. 1 and 2, which are located
approximately 500 feet northeast of the site, is reported to be 56 and £n faa* racnartiuaiw
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Therefore, the depth from the lowest point of storage to the highest seasonal level of the
saturated zone of the aquifer of concern is approximately 50 feet.

Ref.Nos. 1,2,9

5. What is the permeability value of the least permeable continuous intervening stratum
between the ground surface and the aquifer of concern?

There are no continuous intervening strata between the ground surface and the bedrock
aquifer. Soils are generally thin in the area around the site. The water-bearing formations in
the Turpentine Run Basin Aquifer are composed primarily of fractured and jointed volcanic
rocks. The range of hydraulic conductivities associated with these formations is 10-3 to 10-5

cm/sec.

Ref. Nos. 10, 11, 16

6. What is the net precipitation for the area?

Net precipitation is usually calculated by subtracting mean annual lake evaporation (a
surrogate measure for evapotranspiration) from normal annual total precipitation. Mean
annual lake evaporation information was not available for St. Thomas; however,
evapotranspiration data were available. These data indicate that 95.8 percent of the incident
precipitation on St. Thomas is lost through evapotranspiration. The normal annual total
precipitation for St. Thomas is 43.74 inches, but because of orographic effects on the island,
normal annual total precipitation can range from 35 inches to 50 inches over short distances.
In the Turpentine Run Basin, normal annual precipitation is 40 inches. Calculations for net
precipitation are provided below:

40 inches precipitation x 95.8 percent lost to evapotranspiration = 38.32 inches lost to
evapotranspi rati on

40 inches precipitation - 38.32 inches lost to evapotranspiration = 1.68 inches net
precipitation.

Ref. No. 3, 5, 12, 13

7. Identify uses of groundwater within 3 miles of the site (i.e., private drinking source,
municipal source, commercial, industrial, irrigation, unusable).

Groundwater within 3 miles of the site is used as a source of private and municipal drinking
water, and for commerical purposes. There are at least 41 wells within 2 miles of the site.
Thirty-four of these wells are within 1 mile of the site. Sixteen of these wells have been closed
because they are contaminated with volatile organic compounds.

Ref. No. 6,9

8. What is the distance to and depth of the nearest well that is currently used for drinking or
irrigation purposes?

Distance 500 feet_________ Depth 150 feet___________

Nearest well is the VIHA well No. 2, which is located approximately 500 feet northeast of
Texaco. This well is believed to be used for drinking. A nearby well, VIHA No. 1, was ordered
closed because of contamination with volatile organic compounds. VIHA well No. 2 is not
listed as being closed for contamination, and its designated use is for domestic purposes.
Ref. Nos. 6, 9

9. Identify the population served by the aquifer of concern within a 3-mile radius of the site.

It is difficult to estimate the population served by groundwater on St. Thomas as there are few
records available on groundwater withdrawal, sale, and transport. The locations of some
wells in St. Thomas are unknown, and there are reports of illegal drilling on the island. It is
estimated that there are 500 to 600 private wells on St. Thomas. Most of these are used for
nondrinking domestic purposes such as washing and flushing, alth^""u -—— ~~" u~ ••—' *~'
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drinking. There are a number of wells that are used for commercial purposes. Water from
these wells is trucked to private houses and pumped into cisterns to augment the rainwater
collected from roofs. Groundwater is also bottled and sold in supermarkets.

There are at least 41 wells in the Turpentine Run Basin. Recently 16 of these wells have been
ordered closed because they were found to be contaminated with volatile organic
compounds. One of these wells was a major supplier of water to the eastern end of the island.

Estimates of the population using groundwater as a source of drinking water range from none
to approximately 11,000--the population of the Turpentine Run Basin which is not served by
water from the desalinization plant. The actual population served by groundwater is
probably less than 11,000 as desalinated water and water from wells outside the three mile
radius is trucked into the area.

Ref. Nos.9, 13,15,18,19

SURFACE WATER ROUTE

10. Describe the likelihood of a release of contaminant(s) to surface water as follows: observed,
alleged, potential, or none. Identify the contaminants) detected or suspected, and provide a
rationale for attributing the contaminants to the facility.
A potential exists for contaminants to be transported to surface water. There were some spills
in the drum storage area and there were no containment structures around the drums to
prevent migration of the spills.

The drums contain waste oil generated from automotive repair and maintenance activities.
Air monitoring instruments indicated the presence of organic vapors in an open drum on site.
Samples of waste oil from the Tutu Texaco Site were reported to contain TCE. The waste oil
may also contain small quantities of substances such as gasoline, kerosene, and degreasing
solvents.

Ref. Nos. 1,22

11. Identify and locate the nearest downslope surface water. If possible, include a description of
possible surface drainage patterns from the site.
The nearest downslope surface water is the Mangrove Lagoon, which is hydraulically
connected to the Caribbean Sea. The distance from the site to the nearest surface water along
the course of Turpentine Run - an intermittent stream that drains the Turpentine Run Basin, is
2.5 miles. There are a number of storm sewers near the site and it is possible that these sewers
may intercept much of the runoff from the site. It is unknown where the storm sewers
discharge, but it is suspected that they discharge to Turpentine Run as it is the only drainage
pathway from the basin.

Ref. Nos. 2,4, 5

12. What is the facility slope in percent? (Facility slope is measured from the highest point of
deposited hazardous waste to the most downhill point of the waste area or to where
contamination is detected.)
The facility slope is relatively flat with a slight slope toward the south-southwest. Facility slope
is estimated to be 0 to 3 percent.

Ref. Nos. 1,2

TUT 002 02/4
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13. What is the slope of the intervening terrain in percent? (Intervening terrain slope is
measured from the most downhill point of the waste area to the probable point of entry to
surface water.)

The slope of the intervening terrain can not be calculated as runoff may discharge to storm
sewers and the path of these sewers is unknown. If runoff follows an overland route, the
slope of the intervening terrain could be as follows:

• Elevation of waste area - 200 ft

• Elevation at point of entry 0 -ft

• Path length-1300ft

200ft-0ft x 100 = 1.5 percent
13,000

Ref. Nos. 1,2

14. What is the 1-year 24-hour rainfall?

One-year 24-hour rainfall data was not available for the U.S. Virgin Islands. However, it is
known that rains exceeding 1 inch in 24 hours occur six or seven times a year on St. Thomas. It
has also been reported that it is not uncommon for 24-hour rainfalls to be 2 to 3 inches.

Ref. Nos. 4, 6

15. What is the distance to the nearest downslope surface water? Measure the distance along a
course that runoff can be expected to follow.
The nearest downslope surface water is the Mangrove Lagoon which is hydraulically
connected to the Caribbean Sea. The distance from the site to the lagoon is 2.5 miles. It
appears that most runoff from the site enters storm drains near the site. Since the point of
discharge and the route of these storm drains is unknown, the distance to the nearest
downslope surface water along the pathway is unknown.
Ref. No. 2

16. Identify uses of surface waters within 3 miles downstream of the site (i.e., drinking,
irrigation, recreation, commercial, industrial, not used).
Surface water within 3 miles downstream of the site is used for recreation including
swimming, fishing, and boating. The DPNR has designated the area of the Mangrove Lagoon
for preservation and conservation recreation.

Ref. Nos. 2.14

17. Describe any wetlands, greater than 5 acres in area, within 2 miles downstream of the site.
Include whether it is a freshwater or coastal wetland.
There are no wetlands greater than 5 acres within 2 miles downstream of the site. However,
there is a coastal Mangrove wetland approximately 2.5 miles downstream. The Mangrove
Swamp is designated as a preservation area in the Coastal Zone Management Program of the
DPNR.

Ref. Nos. 2, 14
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18. Describe any critical habitats of federally listed endangered species within 2 miles of the site
along the migration path.

There are no known critical habitats of federally endangered species within 2 miles of the site.
The Virgin Islands Tree Boa (Epicrates monensis qranti) is an endangered species in the U.S.
Virgin Islands; however, no critical habitat has been identified for this species.

Ref. No. 7

19. What is the distance to the nearest sensitive environment along or contiguous to the
migration path (if any exist within 2 miles)?

There are no sensitive environments within two miles of the site that lie along or contiguous
to the migration pathway.
Ref. Nos. 2, 7, 14

20. Identify the population served or acres of food crops irrigated by surface water intakes
within 3 miles downstream of the site and the distance to the intake(s).

There is no population served or food crops irrigated by surface water intakes within 3 miles
downstream of the site. The nearest surface water is saline. There is a desalinization plant
which uses sea water to supply drinking water, but the intake is greater than 3 miles from the
site.

Ref. Nos. 2, 13

21. What is the state water quality classification of the water body of concern?

No water quality classification is known to exist for the Mangrove Lagoon or the Caribbean
Sea, although the mangrove swamp surrounding the lagoon is designated as a preservation
areabytheDPNR.

Ref. No. 14

22. Describe any apparent biota contamination that is attributable to the site.
No apparent biota contamination was observed during the on-site reconnaissance conducted
by NUS Corp. Region 2 FIT on February 15, 1989.

Ref. No. 1

AIR ROUTE

23. Describe the likelihood of a release of contaminant(s) to the air as follows: observed,
alleged, potential, none. Identify the contaminants) detected or suspected, and provide a
rationale for attributing the contaminant(s) to the facility.

The potential for release of contaminants to the air is very small. Above-background
concentrations of organic vapors were detected in a drum; however, no readings above
background were detected in the ambient air in the drum storage area.
The drums on site contain waste oil from automotive repair and servicing operations. The oil
may contain small quantities of gasoline, kerosene, or degreasing solvents. Samples of waste
oil from the facility were reported to contain TCE.

Ref. Nos. 1,22
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24. What is the population within a 4-mile radius of the site?

Based on the 1980 census, the population within 4 miles of the site is approximately 36,000.

Ref. No. 17

FIRE AND EXPLOSION

25. Describe the potential for a fire or explosion to occur with respect to the hazardous
substances) known or suspected to be present on site. Identify the hazardous substance(s)
and the method of storage or containment associated with each.
No significant fire or explosion conditions are known or suspected to be present on the site.
Ref. No. 1

26. What is the population within a 2-mile radius of the hazardous substance(s) at the facility?

Based on the 1980 census, the population within 2 miles of the site is approximately 19,000.

Ref. No. 17

DIRECT CONTACT/ON-SITE EXPOSURE

27. Describe the potential for direct contact with hazardous substance(s) stored in any of the
waste units on site or deposited in on-site soils. Identify the hazardous substance(s) and the
accessibility of the waste unit.

There is little potential for direct contact with substances stored in the waste unit. Although
the bungs are open on some of the drums and there are some spills, the drums are not located
in an area that is frequented by customers. Access to the site is not controlled by a fence.
There is potential for workers to come in contact with waste oil in the course of performing
their jobs.

Ref. No. 1

28. How many residents live on a property whose boundaries encompass any part of an area
contaminated by the site?

There is no evidence that any residential areas have been contaminated by the site.

Ref. No. 1

29. What is the population within a 1-mile radius of the site?

Based on the 1980 census data, the population within 1 mile of the site is approximately
11,000.
Ref. No. 17
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PART IV: SITE SUMMARY AND RECOMMENDATIONS

Tutu Texaco is an automotive service station located in the Tutu area of St. Thomas, U.S. Virgin

Islands. The primary activities at the site are gasoline sales and automotive repair and maintenance.

The area within approximately 1 mile of the site is densely populated and contains some commercial

properties. There are large housing developments northwest, north, and east of the site. Beyond 1

mile, there are scattered smaller villages and towns. The densely populated and highly commercial

town of Charlotte Amalie is located approximately 2.5 miles west of the site.

On February 15, 1989, NUS Corp. Region 2 FIT conducted an on-site reconnaissance of the Tutu

Texaco Site. A total of 31 55-gallon drums were observed on the site. Twenty-five of the drums

contain waste oil, two contain dirt, and four contain water pumped from a tank excavation. There

are three 20-gallon drums and a few 5-gallon pails containing waste oil on site. In addition to the

drums, there are a number of underground storage tanks below the site. An unknown number of

these tank contain gasoline and two of the tanks contain waste oil. There is evidence that the

gasoline tanks are "not tight" (i.e. may be leaking Ref. No. 23). The integrity of the waste oil storage

tank is unknown. The underground gasoline tanks and the drums containing tank excavation water

are not evaluated as they are not considered to be hazardous waste under the petroleum exclusion

of the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).

Samples of waste oil from the site were reported to contain TCE. The waste oil may also contain

small quantities of gasoline, kerosene, and degreasing solvents. Until June 1986, the Virgin Islands
Water and Power Authority (WAPA) accepted waste oil generated by marinas, airports, and auto

maintenance facilities. The waste oil was blended with fuel and burned as a source of power. WAPA
stopped accepting waste oil when a batch was found to contain PCBs. The source of the PCBs is

unknown. Currently, there is no permitted method of waste oil disposal on St. Thomas. Generators

must store their waste oil, but the facilities are not inspected or issued permits. These conditions

combined with drum shortages and poor housekeeping has resulted in generally poor waste

containment at many of the facilities.

The waste oil drums on the Tutu Texaco site are not properly stored or contained. There are oil spills

visible on the ground and oil-stained soil was observed on the Gassett Property adjacent to the

drums. There are no berms to contain the oil in the event of a spill. Underground tanks for waste oil

storage were described in a preliminary investigation completed by the DPNR in August of 1987.
Waste oil was being stored in these tanks in violation of Virgin Islands Law. Based on the above

TUT
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considerations, a recommendation of MEDIUM PRIORITY for further action is provided. Because of

the spills, stained soil, and improper waste containment the potential exists for transport of the

wastes to surface water and groundwater.

The owner of the Tutu Texaco Site, Texaco Caribbean Inc., has been identified as one of nine

potentially responsible parties in the contamination of groundwater in the Tutu area. In July and

August 1987, EPA confirmed by sampling that volatile organic compounds were present in a number

of wells in the Tutu area. DPNR has issued orders to close 16 wells in the area. EPA removal action

activities in the Tutu area included sampling of wells and cisterns, removal of contaminated water

from cisterns, and supplying clean water on a regular basis to affected residents.

Locations for the collection of environmental samples at the Tutu Texaco site are limited. The only

available soil near the drum storage area is on the adjacent Gassett Motors property. A number of

the wells in the vicinity of the site are known to be contaminated with volatile organic compounds.

As a consequence, there may be few wells available that are useful in determining whether

hazardous substances have been released from the facility. Sampling of waste sources on the site is

recommended to determine if the waste oil contains hazardous substances. Efforts should also be
directed toward further definition of the population using groundwater for drinking and toward

determining the volume, construction, and integrity of the underground oil storage tanks.

Sampling is not recommended if ongoing or planned removal actions or enforcement actions result

in the collection of samples from the site by EPA or DPNR, or by Texaco Caribbean for the

aforementioned agencies.

TUT
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TUTU TEXACO
ST. THOMAS, U.S. VIRGIN ISLANDS

FEBRUARY 15, 1989

PHOTOGRAPH INDEX

ALL PHOTOGRAPHS TAKEN BY DIANE TRUBE

Photo Number Description Time

R3-P1 West side-Dirt pile 1300

R3-P2 Drums under overhang 1302

R3-P3 Tutu Texaco drum storage area. 1304

R3-P4 Tutu Texaco excavated dirt pile and pvc-pipe collection 1308
system.

R3-P10 Tutu Texaco drums as seen from Gassett Motors. Note stained 1353
soil.
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R3-P3 February 15, 1989
Tutu Texaco drum storage area.
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R3-P4 February 15, 1989 1308
Tutu Texaco excavated dirt pile and pvc-pipe collection system.
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R3-P10 February 15, 1989 1353
Tutu Texaco drums as seen from Gassett Motors. Note stained soi1.
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TABLE 4. - Water budget, in cubic hectometers per year (kmslyr) and percent, for Puerto Rico Iby

Puerto Rico
North Coast Province

West coast u> Rio Grande de
RIoGrande Areciho to Rio
•it Arecibo je La Plata

hm'tyr Percent hmVvr Percent

SouUl Province
Rio de La

Plata to Kio
tspintu Santo

hm'/vr Percent

Patillas Talli
to U

Ponce Guai
hm>'vr Percent hm*/yr

f"* Laj«

Percent hm j/yr Percent

We»t Coaat
province

hm'fvr Percent
Input

Precipitation
Slreamllow
Diversions

•V20 27(1 l.i|30 446
n70 .'vt 2
.VJO 468

410
120
80

:>o.6
-W.5

60
175

25.5 100 72.8
74 5 44 :l 2
__ 33 24.0

160 2D.O
H80 71 0

Output
rjvapulraspiralion
Stream outflow
liround-waler loss to

wetlands or sea
tirou rut-water

withdrawals':
Total
Industry
Irrigation
Public supply

----- 1.410 61.3 104 34.8
._ . *65 37 6 1 3HO :>8.»

„ „ 15 7 *6 3.7

10 .4 HO 2.6
y 26

.-—— »
_ __ 1 26

.100 23.8
•J20 73.0

20 1.6

20 1.6
.T __ __

15

430

20

170

143
8

23.5

2.5

21 0

60
100

15

60
21
37

2

25.5 120 S73
42.6 1 1 H.u

64 63 Ih

2S.5 .1 1

270 21.8
!)20 74.2

40 32

10 .8
10 __

' All icruund waur withdrawn was assumed to uv for ctmsumption smct- it IM not available for other uses.
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400
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Public Supply
(Putrto Rico Aqueduct and Sewer Authority)
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£ oui
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••««)
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B
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FICI UK 17.-Water-use estimates. A. For Puerto Kico: public-supply data provided hy the Puerto Rico Aqueduct and Sewer Authority
(mortified from Morris, li>7«). B. For the U.S. Virgin Islands.
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province) and its offshore islands (Vieques. Cvlebra, and Mono. Islands) and for the U.S. Virgin Islands, 1975

Puerto KiO'-Continuf! I S V irytn isi
Huvrtn Kir<»M>rfshnrv islanu-

Interior
pnivmor

Hurrto KK-"
Island t.-ul V*quv!. M"tiii

hm>'\ r Percent hmj.'vr

27B
WO

12
10

hm-Vvr Percent Peirrnt Hem-nt hnr1

Input — Continued

43.3
54i.7

120 imi 100 4". um

Output — Continued

31 <i
64 4

Sy y
3y.y

Ik
4

5.0-46

3iH
1114
188

PROBLEMS AFFECTING USE OF WATER
RESOURCES

MANAGEMENT—PUERTO RICO

By adoption of Law No. 23 of January 1973, the Puer-
to Rico Department of Natural Resources (DNR) was
charged with the responsibility for implementation of
the operational phase of the public environmental policy
of Puerto Rico. Law No. 23 also provides for centraliza-
tion of operational functions and implementation of
regulations that had previously been dispersed
throughout many governmental agencies. In addition,
the new Water Law, No. 136 of June 3, 1976, assigned
to the Secretary of DNR the responsibility to plan and
regulate the use of and to improve, conserve, and
develop the waters of Puerto Rico. In acknowledgment
of the need for a centralized information center, the new
water law also stipulates that the Secretary be assisted
by a staff that has representatives from the Planning
Board, the Puerto Rico Industrial Development Com-
pany (PRIDCO), the Environmental Quality Board
(EQB), the Puerto Rico Aqueduct and Sewer Authority
(PRASA), the Puerto Rico Water Resources Authority
(PRWRA), the Department of Agriculture (DOA), the
Department of Health (DOH), the Department of Trans-
portation and Public Works, and the University of Puer-
to Rico.

Although numerous government agencies (State and
Federal) and institutions are involved in the use, plan-
ning, management, and investigation of the water
resources, the DNR, EQB, U.S. Environmental Protec-
tion Agency (EPA), PRWRA, PRASA, Puerto Rico
Sugar Corporation, and heavy water-use industries

established by PRIDCO exert the greatest influence
over the future of this resource. The responsibilities
these agencies and public corporations have with
respect to water resources are listed as follows:
DNR. The functions of this Puerto Rican agency were

established by Laws No. 23 and No. 136, previously
stated.

EQB. This is the Puerto Rico policy-making and
regulatory agency responsible for the enhancement
and protection of water quality; it is invested with
quasijudicial powers to enforce its regulations. For
purposes of the Federal Water Pollution Control
program (Public Law 92-500) the Board is
designated the State water-pollution control agen-
cy.

EPA". This is the Federal agency charged with ad-
ministration of Public Law 92-500 aimed at restor-
ing and maintaining the chemical, physical, and
biological integrity of the Nation's waters. Among
the programs the agency administers are establish-
ment of effluent limitations, administration of the
National Pollutant Discharge Elimination System,
and management and planning for public water-
supply treatment-works construction.

PRWRA. The authority produces and distributes elec-
trical energy and administers and operates the irri-
gation systems supported by releases from reser-
voirs and the hydroelectric power-generation net-
work on the south coast and in northwestern Puerto
Rico.

PRASA. The authority is charged with development,
construction, operation, and maintenance of water
and sewer systems and providing adequate water
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and sewer services and any other related services
and facilities.

Puerto Rico Sugar Corporation. A public corporation
created by legislative action in 1973 to consolidate
the operations of the sugar industry (cultivation and
refining). The corporation manages all the 11 mills
on the island, 7 of which are government owned.
The corporation also manages cane cultivation on
29,600 ha of both government-owned and leased
land.

PRIDCO. This is the principal Puerto Rico governmen-
tal agency charged with the responsibility for the
economic development of Puerto Rico. With its
associated public corporation, the Government
Development Bank, it devises methods to accelerate
economic development, especially through industrial
promotion and tourism. This agency must submit to
DNR and EQB an environmental-impact statement
for each industrial project it proposes to develop.
The agency also cooperates closely with the Plan-
ning Board in preparing its plans and programs.

The new centralized form of management stipulated in
Law No. 136 of June 3, 1976, is intended to improve in-
stitutional structures to aid optimum water-resources
development.

MANAGEMENT—U.S. VIRGIN ISLANDS

In the U.S. Virgin Islands, the Department of Conser-
vation and Cultural Affairs is charged with the ad-
ministration and enforcement of all laws relating to
water resources and water pollution, under Title 3,
Chapter 22, of the Virgin Islands Code as of June 4,
1968. Other agencies involved with the management of
the water resources are the Public Works Department,
the Water and Power Authority, and the Virgin Islands
Planning Office. The functions of each of these are
outlined as follows:
Public Works Department. Under Title 30, Section 51,

of the Virgin Islands Code, the Commissioner of
Public Works is designated to supervise and control
the construction, repair, maintenance, operation,
and administration of the potable-water systems.
The potable-water system was defined as "all fresh
water stored or collected by the government,
whether in catchments, dams, wells, or reservoirs,
for public distribution."

Virgin Islands Water and Power Authority (WAPA).
This authority was established in 1964 under Virgin
Islands Code, Section 103, Title 30, for production
and distribution of electrical energy and provision of
potable water from its water-distillation systems. In
the enabling legislation is a provision, 104e, for the
transfer of the water-supply functions of the Public

Works Department to WAPA at a date to be deter-
mined by law. The transfer of functions has not been
acted upon by the legislature, and WAPA sells the
distilled water to the Public Works Department.

U.S. Virgin Islands Planning Office. This office is
designated as the government agency in charge of
water-management planning; the agency is also en-
titled to appropriate funds received under the title 3
program.

The Public Works Department is by far the major
ground-water user. Agriculture is almost nonexistent in
the islands, and industries that depend heavily on water
obtain their water from self-owned desalination plants.
For these reasons, a lack of coordination among water
users is not a major problem affecting ground-water
resources in the Virgin Islands.

WATER RIGHTS

Water rights and laws regulating water use have been
established by society to assure the minimum re-
quirements of individuals and communities, to promote
the beneficial development of water resources, and to
respect legal access to water sources. These laws, which
have been implemented to reduce friction between
users, ironically become constraints if they are not
adapted to the needs of a modern technological society.

On June 3, 1976, the Commonwealth Legislature
approved the Law of Waters (Law No. 136) for Puerto
Rico, which declared all waters within Puerto Rico the
patrimony and wealth of the People of Puerto Rico; en-
dowed the Secretary of Natural Resources with the
power to plan and regulate the use, conservation, and
development of the water resources and to implement
the public policy and regulations related to the waters of
Puerto Rico; and annulled two provisions of the Civil
Code and the Law of Waters of March 12, 1903.

The 1903 water law was essentially that which had
been in effect in Spain since 1879 and had been extended
over Puerto Rico by order of the King in 1886. Article 16
of Law No. 136 recognized acquired rights that make
beneficial and reasonable use of water and were in ex-
istence prior to June 3, 1976, including those conces-
sions from the Spanish Crown.

Acquired rights under the old Spanish law were ob-
tained according to the prior-appropriation doctrine.
For example, "any landowner may utilize the pluvial and
other waters flowing intermittently in public channels
or along roads" (Art. 6, 176, 177); "after use for one year
and a day, he establishes a temporary right that is
superior to that of any subsequent user," on the principle
that first in time is first in right (Art. 7); "after water has
been used without interruption for 20 years, the appro-
priator acquires the right to continue the use ind*»finite-
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ly" (Art. 8). Similarly, as to "artesian wells, tunnels, or
galleries," (major ground-water developments as oppos-
ed to "ordinary wells," which are defined (Art. 20) as
those for which no other motive power than man is
employed for raising the waters), the right of the person
discovering and bringing the water to the surface is
recognized "in perpetuity," as long as such development
does not interfere with preexisting rights to public or
private waters (Art. 23). These rights (surface- or
ground-water appropriation) were also recognized for
all individuals who had enjoyed the use of public waters
for a period of 20 years (prior to 1886) even though no
proper authorization had been obtained.

The order of preference in utilization stipulated by the
previous law (Art. 160 of the Spanish Water Law) ex-
pressed the needs of the past century. First priority was
given to water supply of towns, followed by water sup-
ply of railroads, irrigation, navigational canals, mills and
other factories, ferry boats and floating bridges, and
fishponds. The economic importance of water-using in-
dustries was not foreseen, and a low preference as to
water concessions was stipulated. Duration of the con-
cessions was limited to 99 years of town supplies (Art.
170) and all other uses but was "in perpetuity" for irriga-
tion (Art. 188) and fishponds and also for industry, as
long as effluents were not harmful to health or vegeta-
tion (Art. 220).

As of 1909 there were approximately 250 concessions
in Puerto Rico that were originally granted by the
Spanish Crown (Report of the Governor of Puerto Rico,
1909). The majority of these grants were given to lan-
downers in the South Coast province for the irrigation
of approximately 21,000 ha. The surface-water conces-
sions included rights to flood-waters, spring and winter
waters, or a definite daily flow.

An updated inventory of vested owners, diversion
amounts, and land under irrigation is necessary to
determine the degree to which these rights could affect
a water-use and distribution plan.

In the Virgin Islands, all waters are in public owner-
ship and are subject to appropriation for beneficial use
as stipulated in Chapter 5, Title 12, of the Virgin Islands
Code. Under this policy, vested rights are recognized
prior to other appropriation. Vested rights may be
nullified by the government of the Virgin Islands (Com-
missioner of Conservation and Cultural Affairs) when it
is determined that the exercise of such rights would im-
peril health or welfare by endangering, impairing, or
destroying available sources of water. Nevertheless, the
occurrence of such circumstances is very remote, as
most private installations are for domestic use and
withdraw less than 2 m3/d. An exception could be those
individuals and companies that sell water obtained from
wells. Under Section 153 of Title 12, appropriation per-

mits are not required if pumpage is less than 2 rn^/d for
beneficial use.

Undt-r Chapter 3, Title 12. of the Virgin Islands Code,
trees aiui other vegetation adjacent to watercourses are
protected by law. This regulation protects the esthetic
values nf stream channels but results in a significant loss
of ground water to evapotranspiration by the deep-
rooted vegetation. A modification of this law would be
necessary in order to exclude from such provision those
watercourses that are used for public supplies or are in
hydraulic connection with aquifers tapped for supply.

PRACTICES DETRIMENTAL TO GROUND-WATER QUALITY

LAND USE

Land use may affect recharge to an aquifer and the
quality of its water. Although there has been no exten-
sive evaluation of the effects of various land uses on
aquifers in the Caribbean Region, data from scattered
sources indicate that this could be a major problem in
the near future.

Urbanization has taken over large portions of the
recharge areas of aquifers in metropolitan San Juan,
Ponce, and Mayaguez in Puerto Rico and throughout the
Virgin Islands of St. Croix and St. Thomas. Unless ar-
tificial recharge is provided or withdrawals are reduced
to compensate for the loss of recharge, the seawater-
freshwater interface will move inland in most of these
areas.

Aquifers in the Caribbean Region are threatened by
pollution from domestic, municipal, and industrial
sources. The most widespread source of pollution is pro-
bably sewage from cesspools, leaking sewage lines, and
overloaded or improperly operating sewage plants. In
Puerto Rico about 37 percent of the population is served
by sewers, and in the U.S. Virgin Islands approximately
77 percent is served. Ijijjejiej^Ljheonly^areas_served^
by sewers are those within the urban limits~nf towns

wastes have been discharged to aquifers
through sinkholes and disposal wells or have entered
aquifers from accidental spillage (D.G. Jordan, written
commun., 1969; R.C. Vorhis, written commun., 1972).
Of the 15 disposal wells known to exist in 1972, only 2
could be designated as deep injection wells, and the
others could better be designated waste-disposal holes.
All the known disposal holes were between 24 and 213 m
deep. Wastes disposed in sinkholes and disposal holes in-
clude sewage, oil, neutralized acid, organic compounds,
dyes, pickling liquors, pineapple-cannery wastes, and
brewery wastes. Jordan (written commun., 1969)
estimated there were at least 40 such disposal holes in
Puerto Rico in 1969.

It has also been observed that unproductive wells are
either abandoned without plugging or are not thor-
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oughly sealed. As a result many are used as receptacles
for wastes. The effects on water quality and the extent
of damage this has caused in the Caribbean Region have
not been assessed. In the Lajas Valley, Vazquez and
Ortiz-Velez (1967) observed that a downward hydraulic
gradient existed at various abandoned irrigation wells.
These wells probably are serving as hydraulic connec-
tors between perched water tables and the underlying
regional water table. The effect of these "hydraulic con-
nectors" on water quality is unknown.

Disposal of refuse in landfills poses another threat to
aquifers in Puerto Rico. Most landfills were estalished
after 1972 (fig. 18), and although migration of leachates
may be slow at some sites, with time these will inevi-
tably affect to some degree the local ground-water
sources. In the U.S. Virgin Islands, landfills have been
established near the coast on St. Croix and St Thomas,
and contamination of freshwater sources is not a threat.
The landfill on St John, however, is located in the in-

67*00'

tenor Guinea Gut Basin, where potential for ground-
water development exists.

IRRIGATION PRACTICES

Irrigation of crops occurs primarily in southern Puer-
to Rico. The basic means of distributing water within
cultivated lands is by furrows, although overhead
sprinklers are used at some farms in the early months of
sugarcane cultivation. Giusti (1971) estimated that ap-
proximately 30 percent of the applied water in the South
Coast province (Coamo area) was recharged to the
aquifer. Bennett (1976) indicated that the ground-water
reservoir in the South Coast province is "vertically
oriented," in that local recharge and discharge tend to
be high in any given locality relative to lateral ground-
water flow. In areas where irrigation water is derived
from wells, recycling of the irrigation water will result
in an increase in the dissolved-solids concentration of
the ground water.
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During the mid-1960's, drought nearly eliminated

surface-water supplies that were used in the South
Coast province area for irrigation, and ground-water
production was increased to make up the deficit. By
1968, after 3 years of increased pumpage, the ground
water in storage was drastically depleted. An estimated
1,000 hm3 of the 1,500 hm3 in available storage had been
withdrawn. The depletion in storage was accompanied
by a decline in ground-water levels to below sea level
over large areas (pi. L4). The chloride concentration in
the ground water increased slightly in the more severely
depleted areas, but major seawater intrusion did not
occur, apparently because of a slight ground-water
mound in the coastal areas and the lower hydraulic con-
ductivity of the coastal part of the aquifer. Heavy rains
later in 1968 recharged the aquifer, but it has never
recovered to early 1960 levels. A few areas where
ground-water levels were below sea level still persisted
in 1976 (pi. LB), but there has been no significant in-
crease in chloride concentration indicative of seawater
intrusion.

OPTIMIZATION OF USE OF WATER RESOURCES

In general, until recent years the effort devoted to
optimizing the use of water resources of the Caribbean
Region has been minimal. Within Puerto Rico this lack
of effort may have been due to the relative abundance of
freshwater in relation to demand in most areas. In the
U.S. Virgin Islands the poor quality of the ground water
and the knowledge that the limited freshwater resources
could not meet the demand led to reliance on seawater-
desalination plants.

Two major approaches are available for optimizing the
use of water resources. These are conjunctive use of
surface- and ground-water sources and water conserva-
tion. The potential for application of such measures in
the Caribbean Region is discussed separately.

CONJUNCTIVE USE OF SURFACE- AND GROUND-WATER
SOURCES

The greatest potential for conjunctive use of surface-
and ground-water sources in the Caribbean Region may
be on the island of Puerto Rico, where both sources are
relatively plentiful. Hit* we may be achieved by res-
ervoir management, augmenting natural recharge,
ground-water salvage, ground-water mining, and use of
seawater.

RESERVOIR MANAGEMENT

Agriculture is the largest single water user in the
South Coast province. The estimated ground-water
withdrawal for irrigation (180 hmVyr) constitutes
almost 80 percent of the total pumpage. Therefore, the

most productive efforts to solve the "water shortage"
may involve an improvement of irrigation practices. To
some degree, the irrigation efficiency likely could be im-
proved by coordinating the activities of PRWRA with
those of the Puerto Rico Sugar Corporation and by
changing the priority of the functions of reservoirs serv-
ing the south coast.

Under present operating conditions, reservoirs are
maintained at the highest stage possible for hydroelec-
tric generation, thus reducing the runoff-capture poten-
tial. With the available reservoirs and the implementa-
tion of a more efficient water-management system,
more water could be made available for irrigation. The
hydroelectric-energy loss could possibly be compensated
for by thermoelectric generation through burning of
bagasse, the plant residue left after the juice has been
extracted from sugar cane. During the 1973 fiscal year,
PRWRA bought from the sugar mills (which operate
from about December to April) 826 million kilowatt-
hours of energy generated through burning of bagasse
(Puerto Rico Planning Board, 1976). Hydroelectric
generation was only about 97.5 million kilowatt-hours
during the 1973 fiscal year, partly by north-coast
hydroelectric plants.

AUGMENTING NATURAL RECHARGE

Although aquifers receive recharge by natural means,
it may be practical in some areas to increase this amount
artificially. Within urbanized centers the loss of rainfall
infiltration capacity may be compensated for by con-
struction of infiltration ponds, which may also serve for
recreation. Flow into the ponds could be supplied from
urban runoff or by pumpage from nearby streams.
These infiltration ponds could be situated in the upland
coastal areas, where coarse sediments (sand and gravel)
predominate and thickness of unsaturated material and
therefore storage volume is greatest. Areas of Puerto
Rico that could benefit most from such modifications are
those zones where urban development has decreased the
infiltration capacity of aquifers (essentially the San Juan
metropolitan area and Ponce). In the San Juan
metropolitan area, possible sites would be the San
Sebastian outcrop and areas between the haystack hills
(mogotes). At Ponce the most favorable area may be
near the foothills, where depth to the water table is bet-
ween 15 and 20 m. Infiltration induced by this method
may make it feasible to establish and continuously
operate public-supply wells within city limits, thus
reducing dependence on interbasin water transfer.
These well fields would also be invaluable in the event of
hurricane damage to centralized water-purification and
distribution systems. If the recharged water is destined
for domestic use, measures would have to be taken to
avoid contamination with toxic substances, which may
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even though ground-water development may be minimal
in some areas. Within aquifers for which preliminary
areal models have been constructed, monitoring net-
works should be maintained to determine whether or
not conditions follow those predicted. If significant
deviation is detected, the cause can be evaluated and
remedial measures can be taken as appropriate.

Among the most important needs for improving the
knowledge about aquifers in the Caribbean Region are
listed as follows:
1. Better definition of conditions within the two major

aquifers: knowledge needed about the following:
a. Hydrologic relationship between bedrock and

alluvium in the South Coast province of
Puerto Rico and stream-aquifer interrela-
tionships

b. Extent of the artesian system in the North
Coast province of Puerto Rico

c. Ground-water flow within the North Coast
province west of Arecibo

2. Areal studies made concerning the following:
a. Ground-water flow system in Lajas Valley
b. Water-balance for unstudied aquifers in the

East Coast, West Coast, and Interior pro-
vinces

c. Water-table monitoring throughout Puerto
Rico, the offshore islands, and U.S Virgin
Islands

d. Qualitative and quantitive assessment of saline-
water reserves of St. Croix and in the coastal
aquifers of Puerto Rico

e. Chemical-quality data to assess the extent of
contamination and seawater intrusion

Besides these basic needs, research is also lacking on
evapotranspiration and its relationship to soils and
vegetation under the climatic conditions in the Carib-
bean Region. At present it is unknown if under long-
term conditions thick vegetation and plant debris aid
ground-water recharge by reducing runoff, enhancing
infiltration, and reducing direct evaporation of rainfall
or whether they use more water from the soil through
transpiration. Archaeological sites, surface features,
and historical notes indioate that water was much more
plentiful at now pardMd areas in Puerto Rico's offshore
islands and in the U.S. Vfegin Islands.

SUMMARY

The Caribbean Region consists of the Commonwealth
of Puerto Kico (8,990 km2) and the U.S. VirgjnJsJands.
(350-kro*). It is among the-tnostriensely populated areas
ihflte W6fld, with an overall population ot approximate-
ly 3,200,000 people. Within the past 25 years the islands
T\a.ve undergone a rapid transformation from an

agriculturally based economy to one dependent on in-
dustrial development, tourism, and related services.

Water is among the most abundant and valuable
natural resources in the Caribbean Region, but its
availability varies significantly in both space and time.
Rainfall contributes an annual average of 1,800 mm in
Puerto Rico and 1,060 mm in the U.S. Virgin Islands. Of
this amount, 1,130 mm (or 64 percent) in Puerto Rico
and 990 mm (or 93 percent) in the U.S. Virgin Islands is
lost to evapotranspiration. The water available for use
in liquid form amounts to about 5,400 hm3/yr in Puerto
Rico and 24 hm3/yr in the U.S, Virgin Inlands. These
amounts would theoretically satisfy the total water
needs of both areas, which are about 919 hm3/yr and 20
hm3/yr, respectively (1975). In reality, most of this flow
is contributed by intensive rainstorms and is lost to the
ocean as runoff. Potential for retaining a large part of
this flow exists on the island of Puerto Rico, but present-
ly the total usable reservoir storage capacity is only
about 230 hms. In the U.S. Virgin Islands, small dams
and ponds have a storage capacity of about 2 hm1.

Aquifers constitute a valuable water resource in the
Caribbean Region. In Puerto Rico, ground-water
withdrawals provide about 38 percent of the total water
requirements, whereas in the U.S. Virgin Islands, they__
provide 10 percent. Excluding desalinated-water sup-
plies in the U.S. Virgin Islands, ground water provides
about 72 percent of the freshwater used. Of the 350
hms/yr ground-water withdrawal in Puerto Rico, irriga-
tion uses 53 percent; industry, 29 percent; and public
water supply, 18 percent. In the U.S. Virgin Islands,
ground water is withdrawn about equally from private
wells and public water-supply wells. Based on past
trends and future economic outlook in the region,
estimates are that by 1985 ground-water pumpage in
Puerto Rico will be about 426 hms/yr and in the U.S.
Virgin Islands, about 4.5 hm*/yr. This withdrawal is the
estimated maximum sustained yield of all aquifers in the
U.S. Virgin Islands under natural-recharge conditions.

Most large-scale ground-water developments in Puer-
to Rico are in the North Coast and South Coast pro-
vinces. The North Coast province contains the island's
most productive aquifer, which has been undergoing
rapid development for industrial water supply since
1968, when a major artesian system was tapped. The ex-
tent of this artesian system is unknown, but it has been
tapped within the lower part of the Cibao Formation
(Montebello Limestone Member) and in the upper part
of the Lares Limestone. The South Coast province
aquifer consists of deep alluvial deposits. It has been ex-
tensively developed for irrigation of sugarcane and for
industrial water supply. Unlike the north-coast aquifer
system, which has large untapped resources, this aquifer
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will support only minor future development if effective
management practices are not introduced.

In the U.S. Virgin Islands, the most extensive aquifer
is^THe" fragmented igneous rock. It contributes little
water to wells, but weighed against the costs of
desalinated water, its exploitation is feasible for sup-
plementing domestic water needs. The most productive
aquifer consists of marl and alluvium deposits in central
St. Croix. Although this aquifer contributes less than 6.3
Us to individual wells, it yields about 0.86 hm3/yr to
public water-supply wells and about 0.54 hm3/yr to
private wells. Future development of this aquifer could
probably produce an additional 1.0 hm3/yr.

Ground-water resources will continue to play an im-
portant role in the future development of both Puerto
Rico and the U.S. Virgin Islands. In order to meet
future needs, it is necessary that hydrologic principles
be effectively applied in managing the total water
resource.

Optimization of the water resources can be ac-
complished through conjunctive use of surface and
ground waters and through conservation practices. Op-
timal use may involve artificial recharge, ground-water
salvage, saline- or fresh-ground-water mining, use of
seawater, waste-water reuse, and use of underground
space for temporary storage of wastes, which could
otherwise contaminate valuable water supplies.

Efficient development of the water resources within a
basin also requires a thorough knowledge of the rela-
tionship that exists between surface and subsurface
water. Among the most urgent needs in the Caribbean
Region is a computerized data bank containing informa-
tion on ground-water withdrawal, consumptive use, sur-
face diversions, and such other flows necessary for
water-budget estimates. These data can be used with the
available knowledge of the aquifers to construct digital
or analog models. Such an approach would serve to
point out areas where new information is needed, aid in
assigning investigation priorities, and contribute to ef-
fective management of the total water resource.
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The nature of the shorter-period pressure variations in relation to the
weather and the general circulation are discussed below under The Upper
Air and General Circulation, etc.

PRECIPITATION
Rain is the cl imatic element of most practical concern in the islands be-

cause it is o f t e n insiirncient to mature sugar cane in one or two seasons : a
drought of six or nine consecutive months occurs every decade or so. caus-
ing much hardship to the townspeople and small native farmers as weil as
to sugar and cotton estates and cattle ranches.

Since early in the nineteenth century r a in f a l l in the Virgin Islands has
been measured in a unique unit of depth, called the "line". The reason for
the adoption of this measure is not known. It is an old English measure, in
which 1 inch = 8 lines (= 25.40 millimeters ). In Denmark they once used
the Paris measure of 12 Linicn = 1 Toininc ( P a r i s inch) = 27.07 milli-
meters = 1.0658 incites. 1 Paris line — 2.256 mm = .0888 inch = 1i44

foot, whereas the Danish ll'cst Indian (or English] line = 3.175 mm =
V3 inch. It is conceivable that as many of the residents were British this
"line" was adopted locally from using English rain-measuring glasses or
sticks graduated in eighths of an inch. Since the American occupation
inches have been used.

Accuracy of the Measurements
The accuracy of rainfal l measurements is a difficult problem in gen-

eral, and is especially serious in tropical countries.* \Ve have already re-
ferred to the lack of standards in the instruments and observation pro-
cedures at Virgin Islands stations, and here we must add that where the
rainfalls are frequently light and the monthly and annual totals are small
the errors of measurement are greatest on a percentual basis. The common
practice of measuring the catch only once each 24 hours allows some water
to evaporate from the gage before it is read, particularly in a warm windy
climate. The use of a funnel is common and tends to cut down the evapo-
ration. Where most of the rain f a l l s at night, it is better to read the gage
in the morning, and where it falls more in the day an evening observation
hour is preferable : two readings a day would be sti l l better, and best of all
the use of recording gages or the habit of reading the gage af ter each
shower. It has been shown that a considerable difference in a given

* For a c o m p r e h e n s i v e discussion see R r o o x s . C. F . Need :or -.tmversai s tandards for measuring
prec ip i t a t ion , s n o w f a l l , ana snoucover. Truns . Meet . In t . C, :mm. Snow and (jlaciers. Int. Assoc.
Hydrol . B u l l . 23: pp. l-:2. K ign . 1938.
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month's total may result at the same spot between a gage read each morn-
ing and a gage read each evening. But it is difficult to estimate the magni-
tude of this effect in the Virgin Islands except to say that the results from
gages read only in the morning are probably somewhat lower than they
would be if read only in the evening. The hours of observation at the vari-
ous stations are not stated or known in many cases and at some stations
they were changed from time to time.

Rain gages of different diameter and different height of orifice above the
ground do not give comparable catches, but it is believed nearly all the
gages used in the Virgin Islands since 1870 have been of the standard
8-inch diameter with rim about 3 feet high (cf . appendix A). The wind
eddying around the gage may keep away some of the rain that should go
in the gage. In windy places the catch may average 20 per cent too low
from this cause, but we judge from tests made elsewhere with shielded
gages that this error in the Virgin Islands probably does not average over
10 per cent (i.e., readings are 10 per cent too low on average from the wind
effect alone). If we may assume that this error applies r6ughly equally to
all the gages in the Caribbean region, it may be overlooked in practical
comparisons. However, the error due to wind effect increases as the wind
velocity increases and therefore the catch during severe storms, hurri-
canes, is apt to be more than 10 per cent too low. High wind sometimes
blows the gage over resulting in loss of a large catch of rain. Occasionally
during heavy rains the gage may overflow before it is read. Considering all
these sources of error, it is evident that on the average the recorded rain-
falls are systematically lower than the true rainfalls.

In addition there may be mistakes and falsifications on the part of ob-
servers, which are unsystematic in their effect on the results and largely
hidden in the averages. An inspection of the daily entries and the reputa-
tion of the observer are the only bases for accepting observations as genu-
ine, where the stations are not under regular inspection of an efficient na-
tional weather service. We have not found any record of inspections by
the Danish government, and the U. S. Weather Bureau inspections have
been too infrequent to be effective.

General Distribution
From APPENDIX TABLES 2 and 3 we note that the mean annual rainfall

differs considerably at the various stations, ranging between about 35 and
70 indies. The absolute range between driest and rainiest years at these
stations is not much larger, however, the extreme annual totals ranging
from about 25 inches to nearly 95 inches (APPENDIX TABLE 1). If we had
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Ficuu 2. Rainfall map of St. Croix, 1921-30. (From Shaw, 1932.)

records from eastern St. Croix and from the mountain tops, these ex-
tremes would be greater, probably reaching from 15 to more than 100
inches. A rainfall map of most of St. Croix is shown in FIGURE 2.

The seasonal distribution generally shows two maxima, a smaller one
in May or June and a larger one in October. The winter minimum is
much more pronounced than the summer one. The lowest monthly amounts
on record indicate that severe drought conditions can occur in almost any
month; even October has sometimes had less than 2 or 3 inches at most sta-
tions (see TEXT TABLE 4). Rose points out that the middle and western
sections of St. Croix have somewhat opposite tendencies in departures of
rainfall from normal — from 1903 to 1908 the middle was drier than the
west, but from 1909 to 1915 the middle was wetter, and after 1915 the
middle was again the drier. This may possibly be due to a quasi-cyclic
shift in the relative frequency of winds from slightly north and slightly
south of east, which would be accompanied by changes in the average tem-
peratures and humidities of the trade winds as well as contrasted oro-
graphic effects.

Forests and Rainfall
E. Taylor in his "Leaflets from the Danish West Indies" (London,

1888: 42) suggests that St. Croix formerly had a greater rainfall be-
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cause an early book on the islands by Oldendorp (1777) reported a greater
amount of forest growth than is now found. Although a change of climate
is possible, the present condition is better explained by the known destruc-
tion of the forest by the inhabitants. TEXT TABLE 5 shows no permanent
change in the rainfall of St. Croix since 1852. St. John and Tortola have
the most forests at present because they are too mountainous for economi-

TEXT TABLE 4
FREQUENCY OF MoxTjir.v RAINFALL TOTALS GREATER THAN

SPECIFIED AMOUNTS, ST. CROIX
Average of 3 stations for 63 years, 1852-1914

(From Ravn)

Month

January
February
Mann
April
May
June
July
August
September
October
November
December

Number of yean with rainfall

Over 20 lines
(2. 50 in.)

25
13
13
33
37
38
44
50
57
60
54
39

Over 40 linn
(5.00 in.)

2
1
1
5

24
19
12
21
32
38
30
11

Over 60 lines
(7.50 in.)

_
_
_
1

11
9
3
8

10
18
13
4

cal sugar-cane culture, though at one time both were under considerable
cultivation. There is no reason to believe that either St. John or Tortola
receive much more rain than St. Thomas or St. Croix merely because they
are now more forested. Indeed, the rainfall observations (cf. APPENDIX
TABLES 2-6) lend no support to that notion.

Orographic Effects
The rainfall increases with elevation on all the islands, as residents and

travelers can readily observe and as one would expect. But rain-gage sta-
tions are lacking at high elevations, except Pearl, Mafolie. Liliendal, Wint-
berg, and Dorothea. Shaw's rainfall map (FIGI/RE 2) based on rainfall
records (see APPENDIX TABLE 7) of sugar estates on St. Croix leaves no
doubt that even moderate elevations are better watered. Yet the rate of in-
crease of rainfall with elevation does not here seem to be as large as in the
parts of Porto Rico where the mountains rise steeply to 3000 feet or more
directly in the path of the prevailing winds. Rose suggests that the rain-
fall of the islands is not as great as one would expect from the topography
because the winds blow mostly parallel to the mountain trends. The reason
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TEXT TABLE 5

AVKKAGE R A I N F A L L urn EACH 10-YKAR PERIOD, 1852-1911 (IN menus)*
"St. Croix, Virgin Islands" = (Cliristianstal's Fort + KiiiKS Hill* -f- l-'mliTii-kMril's Furl )/.t

(From L. Smith)

Period

1852 61
1862-71
1872 8lt
1K82 9lt
1892 1001
1902 II

Total

Average for 60 years
(1852-1911)

Jan.

1.90
2.11
2 85
T.78
2.16
2.52

14.33

2.38

Feb.

1.60
1 65
1 33
2 10
1 45
2.31

11.45

1.91

M»r.

1.68
2.36
1.57
1.15
1.12
1.12

10.21

1.70

Apr.

3 12
2.06
1.43
3.27
2.15
2.52

15.57

2.60

May

5.53
3 35
4 16
3 22
633
4 2 6

26.90

4 47

June

3 76
3.86
448
3.97
460
3.40

24.08

401

July

3 51
3.10
337
4.06
5 4 2
2.47

21.95

3.65

Aug.

4 92
4 18
4.25
4 62
4.58
5.40

28 11

4.70

Sept.

726
5 26
5.28
492
6.81
6.92

36.45

607

Del.

8.16
7.80
5.11
7.50
5 47
4.68

J9.38

6.56

Nov.

4.43
407
661
5.92
5 46
4.96

31 45

5.23

Dec. Year

* Tlirs** are Iron) the same observations used in TEXT TABLES 19 to 22, here converted to inches from the "lines" in which rainfall wus measured (8 lines
From "Reports of the Virgin Islands Exixrriment Station, 1911". ,

t Kings Hill was omitted from the averages for Oct. 1878 to Oct. 1886, inclusive.
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for this may also be contained in some observations of the writer: on sev-
eral occasions during his stay at St. Thomas in June, 1939 when the sum-
mit of the island (1800 feet) was visited, he noticed that any large cumulo-
nimbus cloud that had been initiated by forced ascent of the wind over the
island would lean to the leeward so that most of the rain falling from it
would fall on the ocean surface somewhat to the lee of the island. In other
words the orographic influence on the rainfall was not fully enjoyed by the
island itself owing to its small size and narrow form. This observation is
confirmed (oral communication) by Sergeant Davidovic. the Aerographer
stationed at the U. S. Marine Corps Fleet Air Base on St. Thomas in 1939.

In general the annual rainfall does not seem to increase more than about
10 inches between sea level and 1000 feet elevation, but some of the lower
stations have as much rain as places high up on the leeward slopes or in
high protected valleys (compare Adrian and Cinnamon Bay, or Barracks
and Liliendal, in the same years) (APPENDIX TABLE 2). In generally rainy
years or months the rainfall differences between stations of different ele-
vation are much greater than in generally dry seasons.

At the U. S. Marine Corps station on Lindbergh Bay three rain gages
have been set a few hundred yards apart in a line from the water to the
foot of the mountain. These gages show a decided increase in rainfall (AP-
PENDIX TABLE 12) as the mountain is approached, although they are all
about at the same elevation. This demonstrates how sensitive the rain-
producing process is to the topography. For this reason, within the hilly
town of Charlotte Amalie, or of Christiansted, the average annual rainfall
probably varies considerably (up to 5 inches_?) from block to block! hence
records taken at different spots in such a town cannot justifiably be com-
bined as if from one station. Likewise different parcels of an estate often
have very different rainfall (e.g., Eden, Emmaus, Caroline; Adrian, Su-
sannaberg).

We have not attempted to construct rainfall charts of St. Thomas and
St. John owing to the non-homogeneity of the records. Shaw's map of St.
Croix (FIGURE 2) is based on a homogeneous though short (10 years)
series of 26 records from the flatter parts of the island, which should give
a reliable and consistent pattern.

Year to Year Variation
The variability of the mean annual rainfall is of prime economic conse-

quence because in over half the years the actual rainfall is well below the
normal rainfall,* which is just about sufficient for an annual yield of sugar

* It ia characteristic of the frequency distribution of either daily, monthly or annual rainfall*,
that the most frequent value (modi) is generally much less than the average, and in some case* the
zero value is most frequent.
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cane, long the chief crop, and the cane yield suffers accordingly (Dr. Shaw
discusses this problem with respect to St. Croix, in paragraphs quoted be-
low). Du Tertre and Oldendorp mention great droughts in 1661 and 1753 ;
the poor crops of 1841, 1864, 1869, 1872 to 1877, 1891, 1892, 1899, 1904,
1923 to 1924 were due to low rainfall (see TEXT TABLES 20 to 23). Con-
trary to the impression of many residents and travelers, there is no real
evidence that the rainfall is slowly and steadily decreasing from century
to century (see Forests and Rainfall). The question of cyclic variations
has not been scientifically studied here, but results elsewhere generally
show long quasi-periodic fluctuations of considerable amplitude in the
rainfall. These undoubtedly exist here too but the records are not long
enough to reveal any but the shortest "cycles". The average rainfall is so
near the critical limit for sugar cane that even the small short-period fluc-
tuations are important. It does not contribute much either to fundamental
understanding of the variations nor to practical precautionary measures
for the farmers merely to describe the rainfall curve as quasi-periodic. All
attempts to forecast the fluctuations by means of extrapolating "cycles"
derived from analysis of past records have been failures. Scientific bases
for long-range forecasting are being sought in many directions but the
solutions offered do not yet give results of practical value and general ap-
plicability, however promising the method or enthusiastic the advocates.
The most successful results so far are for certain special conditions and
places, none of which have been in the West Indies.

Diurnal Variation
The diurnal distribution of the rainfall, as at San Juan, shows a much

greater amount of rain by day than by night, judging from Mr. A. Wal-
loe's observations at Charlotte Amalie, published in the "Set. Thomae
Tidende", 1888. He gives the following figures.

TEXT TABLE 6
NIGHT AND DAY RAINFALL, CHARLOTTE AMALIE, 1888*

Month (1888)

July
Aucust
September

Total

38.4
77.2
69.0

Bydmy

26.8
55.9
44.6

Bynijht

11.6
21.3
24.4

* In lines; 8 lines = I inch.

The frequency of rain is no doubt also greater by day but the contrast
is probably not so pronounced because the intensity of the day showers is
heavier.
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At sea the rainfal l frequency is a maximum at 6 A.M. with a secondary
maximum at about 10 P.M. The amplitude of this daily variation is pre-
sumably smaller than the one observed over the islands, where the maxi-
mum comes in the afternoon. It is very likely that the sea maximum at
6 A..M. affects the islands, or at least their shoreward margins, causing a
secondary maximum at that hour. Xo hourly observations are available
from the islands but the sunrise shower seems to be recognized by the
residents as a more or less regular phenomenon. The daily double period
in the rainfall is of course reflected in the cloudiness (TEXT TABLE 17) and
in the frequency of thunderstorms.

Intensity and Frequency
The rainfall in this low latitude and oceanic situation is entirely of the

shower type, and therefore it is of great practical importance to know how
frequently showers occur, how long they last, how much rain falls per
shower, and what are the average and maximum rates of fall over short
periods of time. Unfortunately systematic observations using recording
rain gages were begun in the islands only very recently, so we are forced
to infer much from the usual rainfall observations which give only
monthly totals and numbers of rainy days. The average rainfall per rain
day (APPENDIX TABLES 10 and 12; FIGURE 10) indicates some important
characteristics.

The "showers" of the winter and spring seasons are characteristically
brief and light, often mere sprinkles, from cumulus clouds of small or
moderate size and spaced by large intervals of blue sky (cf. TEXT TABLE
9). Sometimes "norther" effects cause a low overcast cloud deck with driz-
zling rain punctuated by occasional heavier showers, which condition may
persist a day or two. ̂ owever. very heavy rains up ta 2 »r ft irjrhfg in a
day have fallen even in the driest months. In the "rainy season", from
" \ f a v t n T^rtvepih^r heavier and more enduring showers_^yita-
fhunder and lightning at times, are to be ex.pf«w|
least nn*> clir>u/-»«- ft ,——— --_ •' lit____________________ .________r -—————.. . . . . . . . ,fmii. yii-cii : ac

tst one shower of some sort then falls almost every day. Heavy rains
lasting as much as 6 or 8 hours, even with brief intermissions, are normally
very rare, but passage of a hurricane within 50 or 100 miles can cause enor-
mous rain fall totals^ (over 10 inche"s)lln_a.day or two from, virtually-con-
tinuous dowjiflaurj^The high wind during hurricane weather adds greatly
to the destructive effect of the rain.

Some significant deductions can be made from the results of the re-
cording rain gages, in spite of the short period they have been in use.

At the Marine Barracks of Bourne Field on St. Thomas a recording rain
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gage has been operated since 1935. An analysis of the results ( A P P E N D I X
TABLE 12 and FIGURE 10) indicates that the average rainfall per rain day
and also per rain hour for each month is proportional to the greatest rain-
fall during any 24 hours of the corresponding months. This is a very in-
teresting relation because in the absence of recording rain gages at other
places we can assume that the "greatest rainfall in 24 hours", which is
tabulated by the U. S. Weather Bureau for all its stations, gives a rough
basis for estimating the average intensity of rainfall per day and per hour.

Since February 1940. the Soil Conservation Service has been tabulating
rainfall rates monthly from recording gages at Anna's Hope and Jolly Hill
estates on St. Croix. An abstract of the results appears in TEXT TABLES 7
and 8. Although the period of observation is too short to give any definite
averages or extremes likely to occur, the figures are already significant. A
study of the tables reveals a closer correlation by months between the total
rainfall and the maximum intensities than between the total rainfall and
the average intensities. This is not •surprising because one or two intense
showers probably have more effect on the monthly totals than the more
numerous lighter showers. There is nevertheless some tendency for the
average intensity to be greater in the rainier months than in the drier
months. It will be noted, however, that the average intensity in the spring
months appears to be as high as or higher than in the autumn months,
whereas the total rainfall is usually much greater in the autumn than in
the spring. This is a curious fact which we have already suspected from
the greater frequency of hail in the late spring and early summer than in
the late summer and-autumn. Over a period of many years the average in-
tensity of rainfall will actually be greatest in the autumn or late summer
because of hurricanes. The important conclusion is that, if hurricanes are
excluded, winter and spring showers probably have as great average in-
tensity as the autumn rains, but the maximum rates of rainfall in short pe-
riods, as shown in TEXT TABLES 7 and 8, are generally two or three times
greater in the "rainy season" than in the winter and spring. It is impossible
to infer to what extent this conclusion is justified for all parts of the
islands, as the topography may greatly affect the rainfall intensities as
well as the totals, but the Bourne Field results (APPENDIX TABLE 12) seem
to show similar features to those of Anna's Hope and Jolly Hill estates.

Any practical interpretation of the average rainfalls reported in the
Virgin Islands, especially on St. Croix, should take into account the fact
that a large proportion of the rain falls in light showers and brief sprinkles
(see TEXT TABLES 9 and 10). Many of these light rains are measured in the
rain gages and they augment the total rainfall out of proportion to their
significance for crop growth and for vegetation because they barely wet
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TEXT TABLE 7
RAINFALL INTENSITIES MEASURED AT

STATION SCS No. 18 F. S. A., JOLLY HILL ESTATE, ST. CROIX, V. I.
(From U. S. Soil Conservation Service)

STONE: METE

the vegetation and the t
quickly evaporated by th

Month

1940
February
March
April
May
June

July
August
September
October
November
December

1941
January
February
March
April

Total
Rainfall,

inches

0.90
0.52
1.97
7.10
3.05

2.14
3.05
4.19
7.47
7.15
3.47

1.97
0.21
1.33
2.28

Total
Duration,

hours*

IS. 02
1.92
6.42

30.00
8.10

5.07
12.37
12.65
22.45
25.37
20.25

5.02
0.80
1.13
9.45

Average Maximum Intensity for Different Intervals
Intensity.

in. hr.

0.06
0.27
0.31
0.24
0.38

0.42
0.25
0-33
0.33
0.28
0.17

0.39
0.26
1.17
0.24

5-min.

1.00

2.00
3.50
2.00

5.00
3.00
7.00
4.50
5.00
3.50

2.00

1.50
3.75

10-min.

0.75

1.50
2.00
1.50

3.50
1.75
5.00
2.75
3.50
2.25

1.75_
1.00
2.50

20-min.

0.35

0.80
1.40
0.90

2.80
0.95
3.40
2.80
2.40
1.60

0.90

0.50
1.40

60-rain.

0.13

0.50
1.10
0.55

1.30
0.30
1.40
1.70
1.45
0.85

- 0.40_
0.18
0.56

120-min.

_
_

0.28
0.70
0.30

0.65
0.15
0.75
1.05
0.90
0.45

0.20..
_

0.30

Intensities of less than 0.10 in./hr. are not included.

TEXT TABLE 8
RAINFALL INTENSITIES MEASURED AT

STATION SCS No. 15 F. S. A., ANNA'S HOPE ESTATE, ST. CROIX, V. I.
(From U. S. Soil Conservation Service)

PERCENTAGES OF 1
CHK
(Fr

Month

January
February
March
April
May
June
July
August
September
October
November
December

Year

Month

1940
January
February
March
April
May
June

July
August
September
October
November
December
1941
January
February
March
April

Total
Rainfall,

inches

0.35
2.09
0.99
1.5!
2.88
1.56

1.17
1.7!
5.24
8.43
6.0!
2.36

3.67
0.19
1.05
2.48

Total
Duration,

hours"

2.77
17.18
4.92
4.20

15.05
4.60

4.23
7.48
6.67

22.05
14.67
14.10

12.25
2.50
2.83
7.25

Average
Intensity,

in./hr.

0.13
0.12
0.20
0.37
0.19
0.34

0.28
0.23
0.82
0.38
0.41
0.17

0.30
0.08
0.37
0.34

Maximum Intensity for Different Intervals
S rain. 10-min. 20-min. 60-min. 120-min.

_
1.80
1.00
3.50
2.00
3.00

1.00
3.00
7.00
4.00
7.00
1.50

4.00_
1.50
4.00

_

1.25
0.75
1.75
1.50
2.25

0.75
2.00
5.00
3.00
5.50
1.00

2.50
-

1.00
3.00

—
0.75
0.35
1.20
0.80
1.20

0.35
0.80
4.20
2.00
3.30
0.45

1.60
—

0.50:.6o

—
0.30
0.13
0.80
0.40
0.40

0.13
0.30
2.30
0.80
1.10
0.18

0.60
—

0.20
0.92

—
0.1S

—
0.43
0.2!
0.20

_
0.15
1.18
0.50
0.60

~

0.38
—

0.15
0.4S

AVERAGE AND EXTRE:

' Intensities of less than 0.10 in./hr. are not included.

Month

January
February
March
April
May
June
July
August
September
October
November
December

Ye«r

• These figures are not sums t
year in the period covered by the
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the vegetation and the top of the soil and do not sink into it, and so are
quickly evaporated by the sun and wind.

'• CKOIX, V. I.

for Different Interval

™. 60-min. 120-min.

:0
0

.90

SO

.0
60

•10

0.13

0.50
1.10
0.55

1.30
OJO
1.40
1.70
1.45
0.85

TEXT TABLE 9
PERCENTAGES OF DAYS WITH SPECIFIED AMOUNTS OF RAINFALL.

CHRISTIANSTED, ST. CROIX, 1852-1907
(From Willaume-Jantzen and Ravn)

078
0.70
O.JO

0.65
0 1 5
0.75
1.05
0.90
0.45

«0 0.20
-t>.18 I

OJ« O.JO

Month

January
February
March
April
May
June
July
August
September
October
November
December

0-5 mm
(0-0.20")

67
64
66
55
56
46
55
54
45
44
48
52

> 20 mm
~(0.79"
or more)

i
3
4

16
10
14
10
11"
IS
18
12
8

> 50 nun
"(1.97-
or more)

0
0
0
2
4
J
2
4
4
7
}
1

Year 54

CROIX, V. I.

Different Intervals

i. 60-min. uo-min.

TEXT TABLE 10
AVERAGE AND EXTREME NUMBERS OF DAYS WITH RAIN, CHRISTIANSTED,

ST. CROIX, 1852-1907
(From Willaume-Jantzen)

0.180.30
O.U
0-JO 0.4J
0.40 025
0.40 0.20
0.13
O.JO 0.15
n^° '•'*0.80 o.SO
1.10 0.60

0.60

0.20
0.92

O.J8

0.15
0.48

Month

January
February
March
April
May
June
July
August
September
October
November
December

Mean

11
9
6
7

11
10
11
11
IJ
12
14
13

Highest
in any one year

20
23
14
13
26
20
17
17
19
19
20
19

Lowest
in any one year

2
1
0
2
3
4
4
4
6
6
4
6

Year 128 177* 84*

* These figures are not sums of the columns above, but are the extreme totals on record for any one
year in the period covered by the (able.
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Evaporation
The actual water loss from the ground by evaporation and by transpira-

tion of plants is probably high, judging from the general weather condi-
tions and from the measures of evaporating f>on.'cr of the air made at the
Experiment Station (see A P P E N D I X TABLE 8). Consequently, the roughly
45 inches of measured average annual rainfall in the Virgin Islands is by
no means the equivalent for plant growth of 45 inches of measured pre-
cipitation in rainier parts of the West Indies or in the southern United
States.

Thunderstorms, Squalls, and Hail
Thunderstorms occur, as in Porto Rico, chiefly from July to October,

according to the records at Christiansted and Bourne Field (TEXT TABLE
1 and APPENDIX TABLE 12). Schomburgk in 1837 reported that 5 to 10 per
cent of the days in a year had thunderstorms, mostly irr September and
October, which roughly agrees with the Christiansted data, although at
Bourne Field more of the storms occur in July and August. Most storms
probably occur in the afternoon, as at San Juan. They are apt to be squally
and inflict wind damage at times, but lightning damage is usually slight.

Squalls are sometimes associated with heavy showers and probably with
most thunderstorms. The familiar downrush of cold air under a thunder-
storm or tall cumulonimbus cloud can be so violent as to capsize small
boats and damage dwellings, trees, and crops. When the observer is located
on the sunny side of the cloud, it may appear white until after the squalls
reach him, giving rise to the term ''white squall" of the West Indian na-
tives ; but when the observer is under or on the shaded side of the cloud,
it appears very dark and ominous, so the accompanying gusts are called
"black squalls". White squalls are also reported without heavy clouds
nearby, but these are merely gusts when the trades are blowing strongly.
The West Indian sailor well knows that the squalls are apt to be especially
violent and dangerous to boats along a coast which rises to high mountains
immediately back of the shore.

Hail is rarely reported and most residents spend a lifetime in the islands
without seeing any. There are enough authenticated reports to leave no
doubt that it falls at least every few years, even several times in some years
in which conditions are favorable for it. Much hail, with cold and rainy
weather, occurred in Virgin Gorda in January 183,3. according to Schom-
burgk, who also wrote of hail on the north side of Tortola in November
1829. Knox mentions that hail as big as hen eggs fell in St. Croix on
April 13, 1844; and that a Mr. Xissen told him of a hailstorm at St.

STONE: METL

Thomas on May 13, 18.
St. Thomas in 1938. Altl
early summer, the cases
ter and spring; perhaps
thus more likely to be rei

Chemical analyses of
Station from 1911 to 19
tained an average of 9
nitrogen in the form of
These figures varied gr
The amounts do not see:
appear to depend on thi
that they are related to t
These chemical constiti
soil and the nourishmen

W
Owing to the small ai

ration, and the few per
obtain domestic water t
and stored in cisterns, a
crete to catch rain for
strict economy in use ot
Shallow dug wells arc
pumped for flushing t
stocked with "mosquit.
spread chiefly by mosc
of La Grange plantatio
St. Croix was started
but not on a scale suffic
not yet been tried. Stor
on which it was used f o

Temperatures in th
Porto Rican stations <
small land area availal

TUT



REFERENCE NO. 5



CLIMATOGRAPHY OF THE UNITED STATES NO. 60

Climate of
Puerto Rico and
Virgin Islands

c0/ v
•"•

c

noaa ATMOSPHERIC ADMINISTRATION DATA SERVICE
/
/

"•NAL CLIMATIC CENTER
Or. "C REPRINTED

-•*<' JUNE 1982
O •':>-,



Due to the small size of the islands and the location of all stations
within a few miles of the water, the mean daily range is quite small.
It varies from 9.1° at Charlotte Amalie to 15.1°F at Wintberg. For
these same reasons extremes of temperature are not as great as they are
in Puerto Rico, and relatively few days have temperatures of 90° F or
above. Since the extent of land areas is small, the air passage over
land is quite short and there is not sufficient time for extreme heating
to take place. On St. Croix, Annas Hope has had a temperature as high
as 99° F.

During the warmest months, maximum temperatures average about 87° to
89° F, with nighttime temperatures falling to about 74° to 78" F, and a
little lower at the higher elevations. In the winter, daily maximum
temperatures are generally in the low 80's and nighttime minima in the
high 60's or low 70's.

The highest mean maximum temperatures are found in August, while the
lowest mean maxima fall either in January or February. The lowest mean
minimum temperatures are observed in January and February, and the
highest mean minimum temperatures are generally in July or August.

DROUGHT - Drought in the Virgin Islands occurs about as often and is
just as damaging as it is in Puerto Rico. None of the three islands has
any significant running rivers or streams and only St. Croix has an
underground water source in a few sections. Water for irrigation is not
available in quantity at any time. Large storage reservoirs do not
exist so the Virgin Islands are, to some extent, more at the mercy of
"Mother Nature" than is Puerto Rico where there are adequate facilities
for water storage.

HAIL - In the U. S. Virgin Islands, hail is even less frequent than in
Puerto Rico. In January of 1969 a severe local hailstorm with hailstones
up to 1 1/2 inches in diameter occurred. This was the first hailstorm
on record in the U. S. Virgin Islands.

20



Qrographic_lif_ting_ of the mois_ture^_laden air over the hilly terrain of
these islands is thelnost frequent cause of rainfall. However, due to
the smaller elevations and smaller size of the islands, there is a less
marked variation in annual amounts. The larger mean annual totals are
between 50 and-60 inches at the higher elevations, and the variation
between the greatest and least average value is not as marked as it is
in Puerto Rico. Clouds formed by forced ascent of the wind over small
and narrow islands, as is the case for St. Thomas and St. Croix, lean to
the leeward, so that most of the rain from them falls in the ocean to
the lee of the island. Easterly wave passages are important contribu-
tors to the rainfall of the Virgin Islands during the months from May
through November. Like Puerto Rico, the U. S. Virgin Islands lie in the
path of the tropical storms and hurricanes which form over the ocean to
the east of the Lesser Antilles. As in Puerto Rico, they are relatively
infrequent. While cold frontal passages affect the rainfall regime of
the Virgin Islands, the frequency of fronts is less and their intensity
is more likely to be diminished and less effective than in Puerto Rico.

Annual rainfall values indicate differences in rainfall from location to
location with higher elevations generally receiving greater amounts. On
St. Thomas and St. John, on the basis of the limited data available,
annual averagea of_he£ueen_AQ and 60 inches appear reasonable. On St.
Croix there is a more noticeable "vaflatroiT from place to place. This
Island has the greatest annual rainfall, in excess of 50 inches in the
northwestern corner. There are some indications that stations in a
small area along the central portion of the southern coast of St. Croix
receive about 40 to 45 inches. A narrow, finger of between 25 and 35
inches extends northeast to southwest over the flatlands south of the
hills in the western portion of the Island. Annual rainfall averages
less than 30 inches in the eastern end of St. Croix, possibly as low as
20 inches.

As in Puerto Rico, there is no sharply defined wet-dry season relation-
ship. Records available for the three islands indicate a relatively
wet-relatively dry season distribution similar to that found in the
southern portion of Puerto Rico. The relatively dry period extends from
about December through June. Occasionally, quite heavy rainfall occurs
during the so-called drier months. The driest month of St. Thomas and
St. John usually is February or March and the wettest month September or
October, as in the southern sections of Puerto Rico. On St. Croix, the
month with the heaviest rainfall, on the average, ranges from September
through November.

The number of days with measurable rainfall over the Virgin Islands,
based on a few known-to-be reliable stations, ranges from a little less
than 200 days annually at the higher rainfall stations to less than 100
days annually at the stations with lowest rainfall.

As in Puerto Rico, one of the most striking features of the temperature
regime in the U. S. Virgin Islands is the relatively small variation from
the coolest to the warmest months, ranging from about 5° to 7°F.
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comfort or discomfort, between economic success or failure, or between
safe and compatible building design can be a delicate one. Through
effective planning and intelligent application of climatic considerations
to life in the Caribbean, man can truly say he has found his tropical
paradise.

U. S. VIRGIN ISLANDS

Location; The U. S. Virgin Islands are composed of three major islands,
together with a number of smaller islands and cays totaling about 50.
The three of primary importance are: St. Thomas, where the capital is
located; St. Croix, the largest; and St. John, the smallest.

These islands follow Vieques Island and Culebra Island in the path of
the Lesser Antilles toward South America. St. Thomas lies some 38 miles
east of Puerto Rico and about 1,500 miles southeast of New York.
St. John lies a few miles east of St. Thomas and St. Croix is located
about 40 miles south of St. Thomas and St. John.

With an area of about 28 square miles, St. Thomas is the second largest
of the U. S. Virgin Islands. This island lies between latitudes 18°23'N
and 18°18'N and longitudes 65°03'W and 64°50'W. It is about 5 miles
from its northernmost to its southernmost points and a little more than
12 miles from its eastern to western extremities.

The smallest of the three principal islands is St. John, with an area of
only about 20 square miles. It is also the least populated. St. John
lies between latitudes 18823'N and 18°18'N, and longitudes 64°48'W and
64°40'W. This island extends about 5 miles from its northern to southern-
tips and about 8 miles from its easternmost to westernmost points.

Somewhat apart from the others, the largest of the three islands is
St. Croix which has an area of 84 square miles. It lies between lati-
tudes 17°47'N and 17°41'N, and longitudes 64°54'W and 64°34'W. The
Island extends some 19 miles from east to west and 6 miles from north to
south.

Topography: St. JThpmasLjiaa_an extremely irregular coastline and is very
hilly with practically no flat land. The~T\IgHest hills are generally
found near- the center of the Island, with Crown Mountain at 1,550 feet
the highest point. The Island is relatively small and many of the peaks
rise above 1,000 feet. This results in rather steep slopes over all the
island, so that rainfall runoff is quite rapid and there are no per-
manent ———————

Like St. Thomas, St. John has an extremely irregular shoreline and a
very hilly topography. It has a number of peaks over 1,000 feet, topped
by Bordeaux Mountain at 1,297 feet in the eastern portion of the island.
Slopes are quite steep over all of the island, and there are very few
areas of flat land. There are no permanent rivers or creeks.
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St. Croix is the largest of the three U. S. Virgin Islands. The topog-
raphy is somewhat different from the other two with a broad expanse of
low, relatively flatland running along the southern two-thirds of the
Island. A range of hills, ranging in elevation from about 500 feet to
more than 1,000 feet, .topped by Mount Eagle at 1,165 feet, runs along
the northern coast. In the eastern end of St. Croix is found another
group of slightly lower hills with a maximum elevation of about 860
feet. The relatively small area covered by hills on St. Croix results
in rather steep slopes down to the Caribbean in the north and to the
level areas to the south.

Agriculture is not as important in the U. S. Virgin Islands as it is in
Puerto Rico. St. Croix is the only one of the U. S. Virgin Islands with
any sizable expanse of flatland suitable for farming. Here sugar cane,
which was the principal crop, has been abandoned. Subsistence crops are
now a minor effort. Some cattle are raised for milk and meat.

In St. Croix, industrial growth has become a significant factor in the
island's economy. With the downgrading of agriculture, industrial
complexes have been expanded to include the petrochemical industry and
refinement of aluminum. Light industrial plants and the manufacture of
rum are the other industrial activities in St. Croix and St. Thomas.
St. John has no industrial development and remains primarily a National
Park.

Tourism is the biggest factor in the Virgin Islands economy. It has,
over the past years, undergone a vast increase in the numbers of cruise
ships, especially at St. Thomas and St. Croix. Hotel facilities have
been increased on both islands.

One of the principal causes of concern in the U.S. Virgin Islands is
the short supply of water. Rainfall, while above 40 inches annually
over most of the area, is insufficient. This is due partially to a high
evaporation rate and the rapid runoff from the steep slopes on St.
Thomas and St. John and, to a certain extent, on St. Croix.

In an effort to utilize available water efficiently, most homes and
business establishments catch rainwater on the roofs and pipe it to
cisterns. The runway at the airport at St. Thomas is also used as a
catchment area. On St. Thomas and St. John it is common to see the
entire side of a hill cemented to act as a catchment area. Generally,
during the drier portion of the year, it is necessary to carry water by
barge from Puerto Rico. Installation of a sea-water distillation unit
on St. Thomas and St. Croix has helped alleviate the water shortage but
water still remains a significant factor in the development of the
island's economy. ——

Rainfall in the U. S. Virgin Islands is of the same nature as that in
Puerto Rico, falling most frequently in the form of brief showers. The
rainfall-producing mechanisms are essentially the same as in Puerto Rico
except in the matter of degree.
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appear to be sufficient land available to increase the
cistern volumes laterally. The only way the volume
could be increased is by Baking deeper cisterns. This
operation would require the shoring of the existing
hones and apartments, therefore, the possibilty of
structural damage to these residences.

2.0 SITE DESCRIPTION AMD CONDITIONS

2.1 Site Background and Conditions

The Tutu Well site is located at the eastern end of the
Island at the Anna's Retreat Section of St. Thomas (see
Figure 2-1 page 5). Most of the veils are used for public
drinking water supply. The wells appear to be drilled
into the Turpentine Run aquifer.

On, or about July 7, 1987, Mr. Eric Tillett, contacted
the U.S. Virgin Islands (U.S.V.I.) Department of
Planning and Natural Resources (DPHR) regarding an odor
emanating from the raw well water on his property
located at Anna's Retreat, St. Thomas, U.S.V.I.

on July 16, 1987, the USEPA received a request from the
DPNR in St. Thomas, for sampling and analyses of
several wells in Tutu. On July 21, the USEPA and its
Technical Assistance Team (TAT) contractor, Roy F.
Weston, Inc., mobilized to St. Thomas, to perform
sampling on the drinking water wells suspected of being
contaminated. These wells were also reported to have a
strong, unpleasant odor and were found to be
contaminated with hazardous substances.

The EPA and its Technical Assistance Team (TAT) in
coordination with DPNR, initiated sampling of wells in
the affected area in July 1987. The test results
showed the presence of high concentrations of gasoline
and chlorinated organic compounds. Four wells: Elgin,
Four winds, Harthman, and virgin Islands Housing
Authority (VTHA) were closed down by order of DPNR due
to high VOC concentrations.

Several of the wells in this area are major
commercial well services used for public drinking water
supply, therefore, the incident was classified as major,
and the DPNR Commissioner requested the EPA to assume the
role of Lead Agency. The well locations can be seen in
Figure 2-2 page 6.

A Texaco station, located opposite the Tillet Well, is
suspected as a possible source of contamination. A
Petrotight test conducted on the underground storage
tanks at this facility indicated leaks in two of
the three tanks. These failures may have contributed
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to the groundvater pollution problem, resulting in the
contamination of nearby veils. Another suspected
source of contamination is the Tutu Esso gas station.
This facility stores vaste oil in an underground
storage tank. The facility has had problems in the
past with leaJcage from their underground gasoline
storage tank and is suspected of using solvents
in the mechanic shop. At the time of inspection, the
nature of the problem had not been determined. Both
the Texaco and Esso gas stations are upgradient from
the affected veils vhlch are being supplied vith vater.

EPA continued its efforts tovards the identification of;
affected veils in the area, customers vhich
had received vater from contaminated veils, and
possible alternate vater supplies and remedial
action alternatives.

A testing program of veils located outside of the knovn
area of contamination vas conducted to evaluate those
areas as possible alternate vater supply sources.

Sampling of cisterns served by the contaminated veils
vas also performed. EPA directed the Emergency
Response Cleanup Services contractor (ERGS) to; clean
and disinfect the five (5) cisterns vhich had tested
positive for PCE, modify the existing home plumbing,
disconnect the contaminated veils, and dispose of the
contaminated vater. At EPA's direction, ERCS also
contracted a local vater hauler to deliver
uncontaminated drinking vater to the cisterns by tank
truck. A veil sampling program vas established by the
EPA to monitor the veils at the Tutu site for a one
year period.

Nine potential responsible parties have been identified.
These facilities included three gasoline service
stations, two vehicle maintenance repair shops, two
territorial government agencies, one dry cleaner and
one abandoned gasoline service station. EPA has
identified Texaco as a viable potentially responsible
party, based on the results of a soil/gas survey
conducted on the Texaco Property under order from DPNR
and under the supervision of EPA. The survey found
total hydrocarbon concentrations up to 690 ppm of
benzene. EPA is continuing its efforts to identify
potential responsible parties.

2.2 Topography and Geolooy-̂ -

"St. Thomas is the most northwest island of the U.S.
Virgin Islands and the second largest. The island is
approximately 14 miles long and 2 to 3 miles vide and
has an area of 32 square miles.



The land surface is almost entirely sloping and extenc
seaward from a central ridge, 800 to 1,200 feet high,
running the length of the island. The slopes, which
commonly exceed 35 degrees, are dissected by numerous
stream courses of steep gradient. The general
appearance is a panorama of steep interstream spurs an
rounded peaks. Plat inland is confined to the
Charlotte Amalie area and a few small alluvial-filled
embayments. The only variation in the general
topography is in the upper valley of Turpentine Run in
eastern St. Thomas. The valley has relatively gentle
topography consisting of rolling hills in a basin
surrounded by steep slopes and sharp ridges.

The Tutu Formation, the youngest rock exposed on St.
Thomas is composed almost entirely of angular debris
derived from the Louisenhoj Formation (an older
volcanic formation) and minor limestone debris from
thin limestone deposited contemporaneously with the
Tutu Formation.

The rocks were subsequently tilted to form a northward-
dipping homocline. Dips range from IS to 90 degrees
and average about 50 degrees. Locally the formations
are overturned.

The permeable zones that these rocks once may have had
after deposition have been destroyed by metamorphism or
by deposition of minerals in pore spaces. Groundwater
movement is now limited to openings along joints and
fault zones. The homoclinal structure is cut by sets
of faults trending H 45 *W, M 55 '1 and north. Three
well-defined joint sets parallel each of the major
fault directions. The valleys of the island have
similar trends and are apparently the result of
selective erosion of rock weakened by faulting and
jointing. Prime zones of groundwater availability,
therefore, follow the valleys.

Small alluvial deposits ranging from Pleistocene to
Holocene in age, lie in the valley of Turpentine Run in
east -central St. Thomas and the larger coastal
embayments .

The alluvium of Turpentine Run lies in a narrow band
seldom more than 200 feet in width along the stream.
Maximum thickness of the alluvium is about 40 feet.
Most of the alluvium, which is composed of silt, fine
sand, and clay and contains discontinuous beds of sand
and gravel 2 to 3 feet thick; lies in the Mt. Z ion-Tutu
area of the upper basin and in the narrow valley from
Mariendal to Mangrove Lagoon in the lower basin. The
alluvium extends out under the lagoon near the mouth of
Turpentine Run. Although composed predominately of
fine-grained material, the alluvium readily infiltrates
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streamflov when the groundwater level is below the base
of the stream. As such, the alluvium forms a readily
rechargeable aquifer, although it is of small extent
and yield.

Some coastal embayments headed by intermittant streams
contain snail deposits of alluvium similar to that of
Turpentine Run. Maximum thickness of these deposits is
estimated to be 50 feet, and their areal extent seldom
is greater than a fev acres (an exception being the
Long Bay and Airport areas near Charlotte Amalie) .
Near the sea, the alluvium interfingers with calcareous
sand and at times contains lenses of mangrove svamp
deposits. Therefore, the deposits are of minor
significance as sources of water*. **'

2.3

"Rain is the only natural source of fresh water to
replenish the water resources of the island. Rainfa]
is seasonal, with a rainy season in late summer and
early fall and a secondary wet season usually in May.
Nearly half the rain falls during August-November.
RaJLns exceeding 1 inchii^ 24— hours coa>̂  «*v *•*•
times"~a~Iyear. '~
hour period. ab,qut once every 2 years in large storms.
Tfiese rains can occur in any month, but are more like
during the hurricane season (August-November). About
SjOpercent of the time annû 1 y*<«*«H is between 40
SO~incBes; Less than 10 percent of the time annual
rainfallTis under 35 inches, which usually means a
major deficiency during the normal wet season and
drought.

The cumulative departure from average and the 10-year
running average of rainfall shows that at this time of
writing (1967) the island may be entering a period of
deficient rainfall, with the exception of a few years
in the late 1940's and early 1950's, rainfall in the
past 30 years has been below average. There has been a
long-term decline of about 10 inches in annual rainfall
since the peak of the surplus rainfall period in the
early 1930's. The most severe droughts on record
occcurred in 1964 and 1967, when only 27 and 24 inches
of rain fell, respectively.

Areal distribution of long-term rainfall, is
controlled by topography and the prevailing easterly to
northeasterly winds. However, individual storms may
or may not show the effects of or ©graphic control or
prevailing winds and the areal distribution of the
storms can be very irregular".l1' See Figure 2-3,
page 10, for average yearly rainfall.
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2.4 Sampling Results

The Tutu well site has been sampled repeatedly over
the last ten months and found to contain definite
contamination. The initial assessment was conducted in
July through September of 1987. Subsequent sampling
and analysis has proceeded on a monthly basis. The
initial assessment considered 26 veils and
approximately 50 cisterns. Of these wells and
cisterns; 24 veils and 5 cisterns vere found to be
contaminated. The 5 cisterns vere cleaned and
disinfected by the ERGS contractor. Subsequent
monitoring has been considered for the 24 veils that
shoved some type of contamination.

Table 2-1 pg. 12, lists the veils included in the current
sampling program. Tables 2-2 and 2-3 , pages 13-16,
shov the volatile organic analysis results of the
contaminated veils and give the highest concentration
of organic contamination found during the last six
months.

The sampling, and most of the preliminary Photovac
portable GC screening, vas conducted by the U.S. EPA
Region II TAT. Drinking vater laboratories have
performed formal analyses to verify the photovac
screening results and to cover the entire spectrum of
possible hazardous contaminants.

Although, the concentration of these contaminants
fluctuates monthly, it is noteworthy that the major
contaminants have been 1,2-trans-dichloroethylene
(DCE), trichloroethylene (TCE), tetrachloroethylene
(PCE), toluene (TOL), benzene (BEN), tertbutyl methyl
ether (TBME) and various metals. Their high
concentration in four veils; Tillet, Harvey, Smith and
Steele has been evident from the initial assessment.
These veils shov concentrations of volatile organics
(VO) in excess of 1,000 ppb. The major and most
consistent contaminant appears to be PCE. The Tillet
veil has also shovn very high DCE and BEN
contamination. Four other veils; Francois, Mathias,
Four Winds, and Elgin; vere confirmed to have >50 ppb
VOCs.

The last confirmation analysis conducted during October
1987, included the entire Hazardous Substance List
(HSL), (consisting of approximately 150 chemicals). At
that time, significant levels of TBME up to 470 ppb,
and methylene chloride up to 120,000 ppb vere detected.
Some samples have also shovn traces of vinyl chloride,
chloroform, 1,1,1-trichloroethane, bromodichloroethane,
xylene, and ethylbenzene.

Finally, the HSL analysis also shoved the presence of

11
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TABLE 2-1
CURRENT WELL MONITORING PROGRAM

AND CLASSIFICATION AT TUTU WELL SITE

WELL NAME CLASSIFICATION OPEN/CLOSED

1. Dede Public Open
2. Steal* Private Closed
3. Elgin il Commercial Closed

Elgin 12 Commercial Closed
Elgin 13 Commercial Closed

4. Four Winds commercial Closed
5. Smith Private Closed
6. Bryan Commercial Open
7. Harvey Private Closed
8. Tillet Commercial Closed
9. Harthman Estate Private Closed
10. Oevcon 11 Commercial Open

Oevcon I3 Commercial Open
11. VTHA 11 Institutional Closed

VTHA |3 Institutional Closed
12. Dench Commercial Pump/No Power
13. Ramsey Private Open
14. Harthman Crusher Commercial Closed
15. Alpha Leonard Private Open
16. Francois Private Open
17. Demitris Commercial Open
18. Rodriguez Auto Private Open
19. Harthman Bakery Commercial Closed
20. Mathias Private Open

Definition of Classifications

Private: Wells which serve one or two houses.

Commercial: Wells that are used to yield water for sale.

Institutional: Wells owned and operated by a non-profit
institution or governmental agency.

Public: Wells that are for public use.
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101:1501

FISH AND WILDLIFE SERVICE LIST OF ENDANGERED
AND THREATENED WILDLIFE AND PLANTS

(50 CFR 17.11, 17.12; As shown in Code of Federal Regulations, Volume 50.
Revised as of October 1, 1983; 48 FR 46057, October 11, 1983; 48 FR 46331, 46336.
46337, 46341, October 12, 1983; 48 FR 49248, October 25, 1983; 48 FR 52742, 52746.
November 22, 1983; 49 FR 1058, January 9, 1984; 49 FR 1994, January 17, 1984; 49
FR 2783, 2786, January 23, 1984; 49 FR 6102, February 17, 1984; 49 FR 7334.
February 28, 1984; 49 FR 7394, 7397, February 29, 1984; 49 FR 10525, March 20,
1984; 49 FR 14356, April 11, 1984; 49 FR 21058, May 18, 1984; 49 FR 22329, 22334.
May 29. 1984; 49 FR 27514, July 5, 1984; 49 FR 28565, July 13, 1984; 49 FR 29234.
29237, July 19, 1984; 49 FR 30201, July 27, 1984; 49 FR 31420, August 7, 1984; 49 FR
33885, 33892, August 27, 1984; 49 FR 34494, 34500, 34504, 34510, August 31, 1984;
49 FR 35954, September 13, 1984; 49 FR 40038, October 12. 1984; 49 FR 43069.
October 26, 1984; 49 FR 43968, November 1, 1984; 49 FR 44756, November 9, 1984; 49
FR 45163, November 15, 1984; 49 FR 47400, December 4, 1984; 50 FR 1056, January
9, 1985)

Tittt SO—Wildlife and Ffehwtes
CHAPTER I—UNITED STATES FISH AND

WILDLIFE SERVICE. DEPARTMENT OF
THE INTERIOR

SUICHAPTCR •—TAKINQ. POSSESSION, TRANS-
PORTATION. SALE. PURCHASE. BARTER. EX-
PORTATION. AND IMPORTATION OF (WILD
LIFE

PART 17—ENDANGERED AND
THREATENED WILDLIFE AND PLANTS
AMkority: Pub. L. 93-205. 87 Sut. 884;

Pub. L. 94-359, 90 Sut. 911; Pub. L. 95-
632. 92 Sut. 3751; Pub. L. 96-159, 93
Sut. 1225; Pub. L. 97-304, 96 Sut. 1411
(16U.S.C. 1531 etseq.)
(Amended by 49 FR 21058. May 18.
1984; 49 FR 22329. 22334. May 29, 1984;
49 FR 27514. July 5. 1984; 49 FR 28565.
July 13, 1984; 49 FR 29234. 29237. July
19. 1984; 49 FR 30201. July 27. 1984; 49
FR 31420, August 7. 1984; 49 FR 33885,
33892. August 27, 1984; 49 FR 34494.
34500. 34504. 34510, August 31. 1984; 49
FR 35954. September 13. 1984; 49 FR
43968. November 1. 1984; 49 FR 44756.
November 9. 1984; 49 FR 45163. Novem-
ber 15. 1984; 49 FR 47400. December 4.
1984; 50 FR 1056. January 9, 1985]

Subpwt • — LMs
§17.11 rmA»mgdi4 aad threatened
wildlife.

(a) The list in this section contains the
names of all species of wildlife which have
been determined by the Services to be
Endangered or Threatened. It also con-
tains the names of species of wildlife treat-
ed as Endangered or Threatened because
they are sufficiently similar in appearance
to Endangered or Threatened species (see
§17 50 el sea.).

(b) The columns entitled "Common
Name," "Scientific Name." and "Verte-
brate Population Where Endangered or
Threatened" define the species of wildlife

within the meaning of the Act. Thus, dif-
ferently classified geographic populations
of the same vertebrate subspecies or spe-
cies shall be identified by their differing
geographic boundaries, even though the
other two columns are identical. The term
"Entire" means that all populations
throughout the present range of a verte-
brate species are listed. Although common
names are included, they cannot be relied
upon for identification of any specimen,
since they may vary greatly in local usage.
The Services shall use the most recently
accepted scientific name. In cases in
which confusion might arise, a synonym(s)
will be provided in parentheses. The Ser-
vices shall rely to the extent practicable on
the International Code of Zoological
Nomenclature.

(c) In the "Status" column the follow-
ing symbols are used: "E" for Endan-
gered, "T" for Threatened, and "E (orT)
(S/A)" for similarity of appearance
species.

(d) The other dau in the list are non-
regulatory in nature and are provided for
the information of the reader. In the annu-
al revision and compilation of this Title,
the following information may be amend-
ed without public notice: the spelling of
species' names, historical range, footnotes,
references to certain other applicable por-
tions of this Title, synonyms, and more
current names. In any of these revised
enthes. neither the species, as defined in
paragraph (b) of this section, nor its status
may be changed without following the
procedures of Pan 424 of this Title.

(e) The "Historic Range" indicates the
known general distribution of the species
or subspecies as reported in the current
scientific literature. The present distribu-

tion may be greatly reduced from this
historic range. This column does not imply
any limiution on the application of the
prohibitions in the Act or implementing
rules. Such prohibitions apply to all indi-
viduals of the species, wherever found.

(0(1) A footnote to the Federal Regis-
ter publication(s) listing or reclassifying a
species is indicated under (he column
"When Listed." Footnote numbers to
§§17.11 and 17.12 are in the same nu-
merical sequence, since plants and animals
may be listed in the same Federal Register
document. That document, at least since
1973, includes a statement indicating the
basis for the listing, as well as the effective
date(s) of said listing.

(2) The "Special Rules" and "Critical
Habitat" columns provide a cross refer-
ence to other sections in Parts 17. 222.
226, or 227. The "Special Rules" column
will also be used to cite the special rules
that describe experimental populations
and determine if they are essential or
nonessential. Separate listing will
be made for experimental populations,
and the status column will include
the following symbols: "XE" for
an essential experimental population
and "XN" for a nonessential experimental
population. The term "NA" (not applica-
ble) appearing in either of these t»o col-
umns indicates th>t there are no special
rules and/or Critical Habitat for that par-
ticular species. However, all other appro-
priate rules in Parts 17. 217-2:7. and 402
still apply to that species In addition.
there may be other rules in this Title that
relate to such wildlife, e.g.. port-of-entrv
requirements. It is not intended that tne
references in the "Special Rules" column

[S*c. 1M1(fM2)]
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the final base map, have good shore-line detail. Mapping on St. John was
done on 1:20,000 enlargements of the 1:40.000 U.S. Coast and Geodetic
Survey map. Aerial photographs of approximately 1:30,000 scale were use-
ful for some structural interpretations.

Exposures along the shore lines ranged in quality from excellent to very
poor. Those inland, except in recent road cuts, were almost invariably
very poor. The best niiifraMjiî lhnih St. Thomas and St. John are sleep
cliffs, which are in places ffNpMJ|p|D traverse. More sheltered shore lines
are easily walked, but rock esqM p̂hM tliere are much poorer.

laboratory investigation included study of several hundred thin sections.
X ray diffraction examination of rock samples and mineral separates, about
300 partial chemical analyses, and numerous mineral determinations by
optical examination of crushed samples. About a doien feldspars were
determined by measurement of index of refraction of grains oriented on
the universal stage, according to the method of Smith (I960). Approximately
100 additional plagioclase samples were determined by measurements of
indices of refraction of iinoricnted grains. An extensive optical study of the
feldspars, completed after this manuscript was first submitted, has been
published elsewhere (Donnclly. I96S). Pyroxenes were determined by meas-
urement of it, and 2V, according to the method of Hess (1949).

SUMMARY OF STRATIGRAPHY OF ST. THOMAS
AND ST. JOHN

The rock units of St. Thomas and St. John (Fig. 2) can be divided into
three major groups: the Water Island Formation, which consists of kera-
tophyres and spilites; the Virgin Island Croup, which consists of andcsilic
pyroclastic rocks and sediments; and one or more diorilic plutons. The
Water Island Formation possibly is late Lower Cretaceous. The Virgin Island
Croup is probably Albian (although the Hans Lollik Formation could be
Eocene), and the diorites are early Tertiary.

The oldest rocks in the Virgin Islands are the keratophyres and spilitcs
of the Water Island Formation. These volcanic rocks are predominantly
flows and flow breccias, but keratophyric pyroclastic rocks are widespread.
A few of the fine-grained tuffaceous beds contain well-preserved Radiolaria
of undetermined age. Noteworthy in the Water Island Formation is the ab-
sence of terrigenous sediments. This characteristic, together with their ap-
parently igneous mineralogy, has led the writer to the conclusion that they
are probably volcanic rocks which were extruded on a relatively level ocean
floor, prior to the existence of a trench or island platform.

In contrast to the postulated abyssal environment for the Water Island
volcanic rocks, most of the overlying pyroclastic rocks of the Virgin Island
Croup were extruded suhaerially. Both the volcanic and sedimentary locks
exhibit slump structures, and some megabieccias contain limestone blocks
up to 100 feet long. The bulk of the sedimentary tocks in the Viigin Island

T. W. DONNtlLV—ST. THOMAS AND SI. JOHN, II S XIHI . IN 111 AMIS 'I >

GIOIIJI arc co.use wackcs consisting almost enti iely of slightly ui.iiliuol
debris derived from the amlesilic pyio<laslic rocks 'I he deposition ol thi>
group may have accompanied (he formation of the iniii.il island pl.iiliinii
and trench.

cjVf * ~~

HANS LOLLIK FORMATION ("0.000 leel *)
AUIillt -ANOCSlU eOtCCU a«J 'UH Utp«r end

TUTU FORMATION (bOOOlee l ' l
TUfUCtOlJS WtCKE l«cludll mar tr,t bun IM
Cokl Point Megobreccio lilholocies MOT
ih< up ii ifi( Congo Cay Limestone Member
(200-300 feel) co«nstcr CRISMHINE
LIMESTONE Top °* lormoluii nol t t ( .olfd .ft U S .il.m

OUTER BRASS LIMESTONE (200 - 600 leel)
PIMTIILIT SaiClfltO, TuFfAClOUS. H*OiOC»RlAN
IIMESIOMt

LOUISENHOJ FORMATION (14,000 (eel (W Si
T homos) 4000 leet IE Si Thomas), 7000
feel (W Si John)) AUGITC-ANDCSHE BRECCIA
tn4 TUFF (Siuf »£ACM »t CLCVEI n,ar in< ton
b it* Cobes Point Conglomerate liinofocies
•ilk pibkIM tntf cottlfl «l W A T E R ISLAND FORMATIONIllhlloa.

UNCONFORMITY ——— •

WATER ISLAND FORMATION (15.000 feel *]
KCMArOPHlRE FLOWS. FLOW BRECCIAS. «ntf TUFFS,
•ilh SPILITC FLOWS ond minor RADlOLARiTCS
UHiuttt If <>'«• o«« pl.gi ol K E K A T O P H T H E .

Kicuu - blraiiyupliic Kiiion ("I Si I liunui JinJ Si Julm.

Folding after deposition of the Virgin Island C>ioup lesuliid l.ujjil)
from dilfcicniial veiliral movement .md piodiiced .ivei.ige dips of t(>'. i.mg
ing from 15* to 'JO" The associated suite slip faults h.i\c hoiiajui.d olhtii
of less than I mile. Although coni.ici meiamoi|>hic e l lects lesulnut; fiom the
eniplaccinenl of diorilic pinions arc extensive, the westein tuo thuds of Si
Thomas and the southern third of St. John are essentially
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WATER ISLAND FORMATION

GENERAL STATEMENT

The Water Island Formation of possible late Lower Cretaceous age
consists almost entirely of keraiophyrc. spilitc. and radiolarian luff. The ex-
l>oscd thickness uf this formation is 15.000 feel, based on projection of the
highest and lowest hoi iiQfltgn. £ reasonable correction for leniicularity
u.ight loner the Hue ihidi^MJr^ **posed xaion to 8000 or 10.000 feet.
U'aicr Isljiul. in the ItarlMc.ltf {fcploiie Arnalie. St. Thomas, lias been
selected as the lyj* locality bccautt of the great variety of rock types there
and the general excellence of exposures, although excellent exposures crop
out extensively along the south shores of Si. Thomas and St. John.

"Keratoph)rc". as used here, is an extrusive or hypabyssal intrusive vol-
canic rock consisting prodiminantly of albiie and quant, with chloriic.
micaceous uiineials. and iron oxides. Nearly all of the Virgin Islands keralo
ph)re| contain considerable free quaili. commonly as conspicuous phcno-
cr)sis. Those with qium phenocrysts could be called "quarti kcralo-
(-I.)re" but many aphaniiic rocks here called "keraiophyre" are chemically
identical to the so called "quartz keraiophyres" and the simplest term is pit-
ferred for all these rocks. A striking feature of keraiophyres is the absence of
phenocrysts (or pseudomorphs) of pyroxene, amphibolc, and mica. Kcraio
plijric flows and crystal tuffs are sodic, with a very low potassium conieiu.
but some apparently vitric luffs are slightly more potassic. Keratoph)ic in-
trusive rocks have a higher potassium content an ' commonly contain sec-
ondary monoclinic K feldspar.

"Spilite" is a greenish seemingly altered extrusive or hypabyssal inliusive
lock, consisting of chloriie and albiie. with variable amounts of epidole,
pielinite. and caliite. Fresh phenocrysts of clinopyroxene aic generally
piesenl; amphibole and olivine were not seen in the Virgin Islands spilitcs
Amygdules arc abundant and commonly contain most of the calcium con-
tent of the rocks as epidote. calciie. or prehnile, with quartz and chloiite.
These spilitcs contain about the same amount of Na,O as the augitc
andcsiies of the Louiscnjoj Formation, and about 0.5 per cent more than
Virgin Islands diabase dikes. Included with ihc spililcs here is a partially
albiiiied augite andesite which occurs near the lop of the (or ma lion.

The name spilite has been applied in the past 10 many diverse rock types,
some of which may be low-grade regionally metamorphosed andesites or
basalts. Other spilitcs appear 10 have been unusually hydrous mafic intru-
sive rocks, and many aie deuierically altered basalts or andesiies. However,
thete is an impressive body of evidence that many so called spilites. notably
certain Oidovician, Devonian, and Cretaceous geosynclinal spiliies. have
characteristics which can be best explained by assuming an essentially mag-
ma lie origin for these rocks. It is to this latter group of rocks that the Water
Island Formation spiliies belong.

IHI .NMIH — j ji ' i i .N. r > > I K . . I \ I

Such spiliies may be thought of as l u c k s which have fo i iuec l by . i l lun / . i
lion of andesiies. However, this piocess is believed to occur dining a laic
stage in the solidification of a hydrous mafic magma and is not caused by
later meiamorpliism. Given a cer ta in combination of phjsical and clienm.il
conditions, spilitiiation of mafic extrusive rocks is inevitable:. Hence the
term, applied in an admittedly res t t ic i ivc genetic (hence sub jec i i i e ) sense. i>
a useful one and should be retained. The a.nlior admits lh.it lowgi .n l r
mcl.imoiphism m.iy obliterate the mineialogical cilletia necess.ny f»i thr
recognition of spiliiuaiioii. Chemical analysis of a l.u^c and c a i c f i i l l )
selected suite of specimens might ieve.il w h e t h e r or nut the mri.nnoi |>h i i
rocks in question had been o r ig ina l l y s |> i l i i i / cd , but s i uh a n a l ) - > i s might .i|,o
fail (o ilo so, and .lie (erni shun Id he a|i|>lic'd tvi. l i i .nc ID smh lock si . ifo

KI HA lu r iu H» s

Ititroiliii liny itiil<nicnl K c i . i . i ) | > h ) i c ( o i n j i i i n > . i l ium fmu l i l i h ^ ( >l i lu
\Vatei Island 1-nini.iiiiin. M<»i keiaiopliyie otcms a> Hows anil Mini Inmi . i i
with minor I nils, bull, c iys l . i l l inc and v i t i i c (ihc l.i in i .ihv.i^ t\c\ in i l i c t l ) . un l .
rarely, volcanic hieicias. Kel . i lophyi ic i n t r u s i v e i o > k s .nc not inn o i i n i i i u i ,
they otcur ns holh dikes and f'l 'ij; '>. l ommunly w i t h \ c. y \M II i l c v c l i i | u i l
cohunnar joinling

Keiaiopliyi ic Ilinvs .uc ynui . i l ly uiu of IVci in ih i iknc» 1 < \> i h u k l l , j i , 3

are completely exposed f iom lup lo base; those wh ich :uc ucll c \ |> i>sn l .111-
str iking only for (heir ux l i i i . i l u n i f o r m i t y I taLing and ( l u l l i n g |> ln noim n. i
aic absent. Mow banding, usua l ly soinetvh.a conloi tc- i l . is seen I . M. i l l y (I ' l . i ,
fig. I). ConUiis belueen lloi\- un i t ) aic rominoiily i l i l l i i u l i in i i l c i in ly •*•>
such, and a l t i t u d e s of the Hows aic not a lways easily asm l.iiucd

One ihicl I r r a ioph j i e flow neai the base of ihc senion. on K.nn I lea. I.
Si. John, shows goyd field and pei iograj ihic evidence of v e n i r a l ( l i l f c i e n t i . i
lion. The flow is aho.it IG5 feel ( h i ck , and near the cen t e r >•> ic . l . lnl i g .a) .
grading logieenish giay downwaid and ujiw.iid. relingi.i|)hii il . lfi unccs wil l
be discussed later . The color change observed in the held would appe.n
lo bo lelaled to a d i l fe ienl i . i l i l t p i c of oxidaiion of i ion v u i l n n die rtm>
which is j i rohably lelaled lo i e l . i l i ve c o i i < e i i l i . i l i o i i of \d|.iti|cs in the Mm.
center during cooling.

Keraiophyrc flow bieccias. occur i ing ,i> clisciele beds, aie piobably nu>n
common than flows in ihc kcraiophyie sec|iience bin ate d i f f i cu l t lo dis-
tinguish fiom flows. The m a l i i x of the How brecc i . D can f i e i j i i i ' i i i l ) h.
distinguished f iom (he f iagmenls only hj c .ue fu l s c i u i i i i ) of the o u i i i o j i ; die
paliiu of we.ilheiing which covets most kcra tnphyies e l fec i ive l ) ohsmics
the fine details ncccssaiy lo lecogniu- ihese rocks Fragnu-nis in (Imv biecci.is
aie siibangulai 10 siibionndrd. The matr ix is almost identical lo the fi.ig
ments in polished section; however, ihc m a t r i x weathe is moic l a p i . l l y . .mil
in outcrop a flow breccia w i l l appear lougher in gio:» u x l i u e t h a n a l l o v >
A few flow breccias consist of both kerlophyie and spil i te f r a g m e n t s One
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such occurrence (sample GSJ-2. near the west end of Great St. James Island)
is » 100 foot-thick bed of keraiophyre and spilite rubble with a few lime-
stone fragments set in an apparently igneous matrix. The minor recrystalliia-
lion of the limestone suggests a low temperature of extrusion. No conglomer-
ates were identified within the Water Island Formation, although many
flow breccias have rounded as well as angular fragments and, when weathered,
resemble conglomerates. QtfNfedftfl** (lamP'e ST-274, Lisenlund. St.
Thomas) would iindoubled)|H|̂ ClP*t' a conglomerate by mosl field geol-
ogists, but unwcaihcrcd ipf<npii|il found a short distance eastward along
the iii ike show the igneous matrix very clearly.

Tulfs and volcanic breccias form minor but distinct units in the forma-
tion. Tuffs (grain sue leu than 32 mm) are much more common than
breccias and occur as beds only I or 2 feel in thickness. None of the tuff
units could be demonstrated to have a horiionial extent greater than about
half a mile. Grading is visible in the tuff beds, although this grading is
commonly interrupted by diasiems representing the action of water currents
on the sea bottom. Slump structures, generally in the form of contorted
bedding, aic uncommon. Many lull beds are silicified. although the original
pyroclastic gioundmass is recognizable in thin section. Apparently the origin-
ally vilric gtoundmass of many tuffs has allered 10 fine grained mica minerals;
musco\ite i> the most widespread, and celadonite and stilpnomelane have
been recognized.

One of the best exposures of a keratophyre breccia is on the east shnic of
Lameshur Bay. Si. John (sample SJ-7). Here a bed several tens of feet thick
consists of angular fragments of keraiophyre a few mm 10 5 cm in a reddish,
hemaiitic matrix (PI. 4, fig. 4). The hemaiitic matrix contrasts with the
more neutral colors of most other keratophyre (lows and tuffs in which
hematite is generally subordinate to magnetite.

Dikes and shallow plutons of keraiophyre occur throughout ilic foim.i-
lion, but are most conspicuous in the hills southwest of Charlotte Amalic,
St. Thomas (Haypicce Hill. Grambokola Hill. Sara Hill. Cabritaberg), in
the vicinily of Naiarcth Day, St. Thomas, and in the vicinily of Hodman and
Mi. Zion. Si. Thomas. (Mt Zion itself, however, is underlain by another
type of intrusive lock.) These bodies commonly exhibit columnar jointing
|H.-ipendictihr to the cooling surface, and examination of the joints pro-
vides a means of reconstructing the shape of the intrusive body.

The hills around the Submarine Hase on St. Thomas (Cabrilabeig. Giam-
bokola, Ha>piece, and Sara hills) are underlain by one or iwo intrusive bodies
known collectively as the Submarine Base Fluion. The accompanying map
and sections (Fig. 3) show that the form of the intrusive body is irregular.
The pattern of joints around I lay piece Hill strongly suggests the presence
of an intrusive funnel beneath this hill. The joint paticin beneath casicin
Sara Hill, on the other hand, would appear to suggest that the floor of the
intrusive body is slibhoriiontal. irregular, and shallowly dipping here.
The intrusive extrusive contact near a probable vent at (he southern end of

T. W. UDNNLII I——*! ' . IIIOMAS AND il. JUIIN, II. S V I N I . I . N |S I4M» l|'|

Grainholola Hill is mudei jtt-ly steep. On I :.il.i n.ili, ,g 11.11 ,!„• .oliimmi
joints arc ne.nly hon/uiiul Oi sh.illowly di|>|""t ,m>.,id ilK smiiluiii t,,.|
of ilie intrusive body, but aie neatly venic.il appioxmiau l> W(\ Uci noiili
of the southern conucl. An ouinop of ex i rns ive roik, cudunl) OK.nun-

Ficuic J Mjp mil cio»« iciimni ol'ilu SuliinjiiiiL- ll.iu |.liin.n ii I i,,,m ,> K.I, i i..

just undcineatli ihc inlrusuc body, (jn be ittn almig ilic shun ji.si sonili
Of the Caribbean Hold lUit the intrusive body was probably Kd through
a sleep conduit at its southern end. ami spread nonhwaid .is a longhl)
conformable sheet. It i> not known whether or not this immune l)o,l)
connects with the oihci out at shallow depth

The occurrence of intrusive kciaiophyre in modeiaiely l.ngc l,.>dick ID
ward the lop of the section may reflect a subtle upwaid change in
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lure optics), and rare biotitic mica and a mafic mineral which has altered
completely to a fine grained, very red substance. This could be either
iddingsite, bowlingite, or some other clay mineral or combination of
minerals. The glass fragments have diffuse outlines and could be shards.
In no case, however, has ihe degree of preservation revealed the outlines
of the original glass IragatctlU^Tkc jppearance of these beds in thin sec-
tion is veiy similar to tl> |̂ril||j|hj|lMl(|lrified lullaceous beds found in ex-
plosive rhyoliiic suites,* bi^H^i^ilosi ve origin is not established by
peiiographic evidence. • '

SIRAllCRAPIIIC V A K I A I I O N S

The Walei Island Foiinalion it icmarkably unifoi i i i , consisting iluough-
out of about one f i f t h spiliic and the remainder keratophyre. 'I he lower por-
tion of the formation, seen best at Ram Head, Si. John, and on deal Si.
James Island, consists dominantly of thick keiatophyre Hows with inter-
calated spilites. Breccias and pyioclasiic rocks are minor and form only
very thin units with a limited lateral extent. The upper portion of the for-
mation, seen best in the vicinity of Charlotte Amalie, St. Thomas, and on
Water Island itself differs principally in the greater percentage of pyroclaslic
units. Aiound the inliusive bodies of Haypiece Hill. Orambokola Hill, and
Cabiiiabeig. the lot inaiion is dominanlly pyroclaslic, with only a few lliin
kcratophyiic flows. On Flag Hill , slratigiaphically slightly lower than these
pyioclastic locks, a strikingly thick pyroclaslic unit is intercalated in a
dominant!) flow sequence No mineralogical distinctions between the lower
and upper poitiuns of the formation can be seen except that near the top
of the formation theie is one occurrence of oligoclase and albite with
high temperature optics, and theie are three occurrences of albite with
optics which deviate significantly from the low leinpeiaiure slate and which
have been called quasi low-icmpciature optics (Donnclly, IOCS).

ENVIRONMENT

The most striking featuie of the Water Island Formation is the complete
absence of terrigenous sediment: the entire exposed thickness consists of
volcanic rocks only slightly reworked locally by water. The second impor-
tant feature of this unit is that most of the volcanic rocks, except for the
uppermost 5 per cent of the formation, are flows. The pyioclasiic locks
themselves consist entirely of relatively equani, angular fragments, and
shards or pumiceous fragments are not seen. The quiescent eruption of
appaiemly hydraled magmas must indicate that these magmas weie
erupted under a confining pressure of superincumbent sea water approxi-
mately equivalent to that of the deep sea bottom, which is sufficient to pic-
vent the explosive expansion of a magmalic gas phase. Hydralcd magmas
erupted in this environment wi l l experience separation of volalilcs if the
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partial pressure of these volatile* exceeds that of ( l i e sea wate i (about 500
aim at 15,000 feel). The expansion of these volatiles, however, w i l l be in i l ie
order of a few limes, not many thousand times, as would be ibe case if the
magmas were erupted subaerially or in shallow water. Abyssal p y i o c l a s i i i
rocks will not be formed by explosion but by r e l a t i v e l y quid expansion of
volalilcs and sudden chill ing by sea w.iter. Dispel sal of p y i i K l . m i i l i . i i ;mci iu
wil l probably be effected by slow moving bottom currents , in c o n v e c i i t c
currents initialed by the release of heal into the sea water. I be absence ul
terrigenous sedimentary locks indicates tha t there weir no emergent islands
which could have served as i l ie soiucc of wc.nhcicd denims Sbi i i i | i
structures or other evidences of deposition on slopes aie pic • . ( in bin jic
not abundant; in couliast. near ilie lop of the formation then- are s e t c r . i l
sniking occmiences of evenly layered pyioclas i ic l e i amphy ic w i t h no IK.I
ding disliuhanccs. Ev idcmly this formation accumulated not only in abys
sal depths but also on lather f l a t sea boliom. 'I lie appearance of s l i g h t l y
more explosive ciupiives only at the very lop of the l -oi in. i i ioi i s l ious dial i l i e
sea boliom may have been subsiding during (he g i i -a icr p.m of (he ac
ciimul.ilion
slant water
Alternatively,
been res|x>nsihle for l l ic appaiein shallowing of wain

explosive cmpl i vos only at Il ie very lop of (lie l - o i i i i a l i o i i s l ious ( h a t the
lOllom may have been subsiding during (he g i i -a ier p.m of (he ac ^S'
la I ion but that subsidence was not rapid enough to i n . i i i i i . i i n a con- j^^
water level at the eruptive center of the accumulated v o l c a n i c deposits!^ Jr
natively, regional uplift near the end of Walri Island l ime could havj»^

V I R G I N ISLAND OKOUT

I O U I S I N I I O j l U K M A I l u N

Inlroiluitui)' ilnlcincnl. I J i i i o i i f o i i n a b l y o v e i l v i n ^ l l i c \ \ . m i I s l . n i i l
Foimalion and cropping out on about half (he f j n i l a i c a of Si. I l ioinas ami
St. John is the I.ouiseiilioj (I.oo e' /an boi) Foimai inn, n.iinrd lui e x c e l l e n t
exposuies in road cms in the v i i i u i i y of 1 ouisenhoj. jusi n o i i l i nf Ch.n lour
Amalie, Si. Thomas. ( I b i s ljiick_seijiicnce is p iedoiuinani ly am;i ie amlesitc
and varies in mode of deposition f io in pyroclaslic hi epid.isiii I lie inavi
ilium appaienl thickness l i a v c i s i i l is about 13.000 fee l , but a u-.non.iblc
correction for l e i i l i i u l a r i l y nii-jlil irdiue (his compuieil t h i c k n e s s by a id iu l
or more. Cleve ( I H 7 I ) called ibis lock type "Illiie llt.uh ami i b i > u.inu- I I . I N
|>eisisle<l: all of the natives of the V ' i i ^ i n Islands aie l . n n i l i . i i u i l l i "Him
Hitch" or "Itluc Hit."

The formaiion is l l i ickcs i and almost e n i i i e l y p ) io i I . I S I K ( l o i . J I ) l e u o i l e i l
luff beds arc considcicd essentially pyrocl.isnY) in vvrs ie in Si I l ioinas In
eastern St . "I borrias the f in i i i a l i n n is n n u l i l l n n i u i ( I l l l l i l (,-n) mil i> to in
posed almost ent i i e ly of (o.nse sbniqie i l and l e v M i i k e d | i y i o < l . i s i i i i l e b i i s .
probably oii |; inaiin^ l io in a s in i l l s i i l i . i c u . i l onto. In wrsi i -m Si | < > l n i i l i e
fornialioii i s ( b i l k e r (7000 feel i i i i i i i i i i i i n i ) ami mnsMs | in . I . M I M I I m l K c i l
coaisc cone clc l i i i s l - i y i n e ( i -.Inuvs an i i i i e i | u e l a i i o n ul ( l i e t i » i > l i i i o i i - > \ \ t in l i
lesulted in ibis d i s l i i b i i i i o n of l ock types arul l l i i i l m ' s s i i l ^ i i l c m e fm i lu
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Cabfi /'CMiiI Conglomerate df/io/uciVj. Near the base of the formation
in tlie xiciniiy of Ctut Bay. St. John, and C.ibcj Point. Pearson Gardens,
and Bunker Hill, Si. Thomas, conglomerates arc interbedded with andcsi-
tic pyroclustic and epiclastic locks. These conglomerates consist almost
entirely of well rounded keratophyre cobbles and jnbblcj derived from the
underlying \\'j(cr Island Formation. At Cnu Hay, however, these conglom-
erates are more or less mixctj with andcsitic debt is, suggesting that sub-
aerial erosion of the cone dqjpitt and that of the underlying keratophyic
beds were simultaneous. Al Gibet faint the conglomerate is composed of
well-rounded and faiily well sorted keralopliyic and spilile cobbles ami
pebbles. These conglomeiaie beds appear to luve been dc|K>siied in
shallow water, and were nol products of lubidily current de|>osiiion. 1'hey
aie well sorted, aie not graded, and have relatively little matrix. Their
presence indicates subacrial erosion, transpoii. and deposition of older
rocks duiing cjrly Louisciihoj time.

Water Island I ouiienhoj contact. There are few places where the
toman between the Water Island and I.oimenhoj Formations is well
exposed. In St. John there is one excellent exposure of the contact along
the west shore of Monte U.iy, and there nrc poor ex|iosurcs at Klein
Bay. The cxposuie on Monie U.iy shows a congloincr.iic of the Loiiiscnhoj
overlying a spiliic bed. The spilite is quite fresh at the contact, and the over-
lying conglomerate coni.iins a wide assorimeni of Water Island lithologics
including, however, very few rocks identifiable with the underlying spilile.
At Calvary Bay, St. John, theie is an exposure of 3 conglomerate of the
Louisenhoj Formation oveilying keratophyre.

On St. 1'homas the contact itself is poorly exposed, but an extensive ex-
posure of Louisenlioj beds above the contact at the headlands between
Brewer's Bay and the airport is of great interest because of the extent of
apparently contemporaneous weathering displayed here. The Louisenhoj
beds here consist dominanlly of subaerially, varicolored andesilic ash inter-
bedded with conglomeratic Water Island detritus. Some of the ash units
are brick red and consist solely of albite, hemalile. and a little illile (X ray
diffraction). The albiiitcd plagioclase phenocrysts evidently withstood the
weathering almost perfectly, but the entire mafic part of the rock has been
converted to oxide. Other units consist of varicolored fragments ranging from
deep red to green, evidently reflecting differential susceptibility to weather-
ing. Still oilier units consist of greenish or grayish fragments in a uniformly
puiplish matrix. The basal subaeri.illy weathered unit is less than 100 feet
thick and was found at only this one locality. The color of the beds somewhat
resembles that of the weathered hydrothcrmally altered rocks (discussed in
a following section), but the latter grade into whitish unweaihcred rock
within a few feet of the suiface and are mineralogically quite distinct. The
extent of this weathering is completely unlike any teccnt weathering of any
rock types in these islands and undoubtedly reflects weathering conicm|>oi.i-
ncous with original deposition.

T. W. DONNEI.LY—ST. THOMAS AMI! ST. JOHN, II V \IR(.IN I S I A S D S I'_' I

Another occurrence of conieinpoi.ineou* weathering is pomly t\|>o>c-d .u
Wintberg Hill, St. Thomas. 'I lie poor luiuial c\pn>nir>. i\lmli aie <>l
lightly mctamoiphosed rock, weie oiiginally tlionglii to lie- <>l lijdinilui
mally alteied rock. However, icieni (196!)) exc.ix.iiinus Im io.nl (HUMmomu
revealed (he originally weathered ii.itiire o[ these icx U

Mineralogy o\ mafic fragments. 1 lie piiiuipal ininci.il> Imuid in ni.du
fragments are pljgioclasc, clinopyiovtne. (I dome, .uul |IIMM|K - l l y i t r . .UK I .d-.n
matrix and opaque minerals.
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PLACIOCLASE: Most phenorrysts of the Louisenhoj andesites arc labiadorite.
about An,, (Fig. 10). Near the base of the formation many pyrod.istic ro iks
contain a distinctly more calcic plagioclase (Anl} to about An,.) Some of
(hese pyroclastic rocks contain both bytownitic and labradoritic fragment*,
but a few contain only bylownilic (or anorihitic) fragments. 'I he feldspars aie
sharply eultedral and slightly loncd. 1'hey show abundant simple twinning
and some albile twinning. Croundmass plagioclases and pl.igiotl.m-s in die
matrix of coarse pyrocl.islic rods ate very fine grained and cloudy. M.my
are distinctly more sodic lli.iu the plicnocrysts and range in c.ilcium CONK IK
down to An]0. In many lapilli itilfs, (he only feldspar found is albitc (An,);
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composition of ilic more siliceous dilfeieniiates Tlie cxpcrimcnis of Yodcr
jnd Tilley (I9UL') show clearly (liat at water pressures greater than about
1000 bats, iiuierial of basaltic composition should l« converted to a mix-
ture of liuinblcnde and pl.igioclase at subliqiiidus teni|>eratuics. As llic
temperature rises the material will begin to melt, witli the plagioclasc
being consumed fust. The first liquids produced will be liiglily felsic and
siliceous. '1 lie compositional Head of liquids produced at successively
higher tempi i.nines hat .{(Jir|4|p experimentally determined, hut a com-
paiison with the anaks^am ffttt&tvn in anhydrous cases (generation of
basalt) suggests thai hornblende will lake the place of diopsidc as the
dominant mafic phase being consumed during the greater part of the melt-
ing. 1 he hydrous liquid might, therefore, be more enriched in Si than
vionM coui|ijiable liquids coexisting with diopsidc in the anhydrous case.
'I he extent to \vliiih residual hornblende might control the composition of
the liquids will not be easily evaluated until these hornblendes can be
collected and analysed, but this consideration might prove to be pivoi.il.

The quantity of kcratophyric magmas generated is perhaps the only
really serious objection to the hypothesis of generation of this entire suite
from the upper mantle. The quantity of siliceous rocks is unknown, but
geological inference (exposed aica of Water Island Formation, which is
about 80 per cent kcratophyre) combined with geophysical information
(seismic refiaction and gravity) suggest that the Water Island Formation is
a pi ism about 5 km thick, extending perhaps 40 km in an east-west direc-
tion, but quite possibly thinning to the east, and extending perhaps 20 km
in a noiih south direction. This volume—4000 en km, or 3200 cu km of
kttJtophyic — is piuh.ibly a maximum, because possible thinning to the
cast and 10 the smith was ignored in the calculation. If fusion of 10 per
am of the upper mantle might yield a keratophyric liquid, then 32,000
in km of upper mantle w<-ie fused during this igneous episode. If the depth
of fusion was 10 km and the cast west hoii/ontal extent of fusion 40 km,
tIKii the hori/ontal dimension of the fused tone in a noiih south direction
limit have been 80 km. These figuics may be off by an order of magnitude
or more, but they emphasi/e one problem: the generation here of siliceous
magma fiom the upper mantle may require the partial fusion of more ma-
terial than can directly underlie the vent, unless the fusion extended to
great depth. The explanation for this seeming paradox is as follows: Din ing
the orogenic process compression and thickening of hydrated Caribbean
crust and up|>cr mantle carried this material into the orogen from .1 con-
siderable distance perpendicular to the axis of depression. The orogenic
iiugin.iiic process then can be compared to a mill to which is fed fresh, hy-
iliated up|xr mantle, anil from which two products, magma and mafic ic-
siduum, aie icmined, the first ihiougli ascent and eruption and the second
ihiough giidual displacement downward and eventually laterally. The
.iiiKMint o( keiaioplme eiupied might have lequiied lateral shoi Idling of
.dmui 80 km in this area. The quantity of siliceous igneous rock seen heic
i> Ur in excess of any that has been recorded in similar orogenic rones, and

T. W. DONNLI IV —ST. THOMAS AND SI. JOHN, II. S. VIK<;iN IblANUS |7I

the Virgin Islands may be an extreme example of a pioiess which has 01
ctirrcd to a lesser extent in many places at many limes (.'leaily our knowl
edge of the composition of upper iii.iiide is too limited .it this time to assi is
this problem further.

'I he writer (Donnclly, I9C4) also pointed out that the generation of a
second, sirengllilcss phase (aqueous, or h)dialed silicate melt) during
orogenic thickening would have profound sfrucluial implication* 'I he
volume in which this phase was generated would become essentially
sircngihleis, and the structural process would be expected to change fiom
a relatively mild thickening to a more violent movement along an emeu
sivc shear. The consequences of this movement would be that the island
platform would be raised to an emergent level, and possibly an adjoining
oceanic liench \\onld be foiined. The elfecl on the geneialion of igneous
melts would be that the rate of depression of mantle material (and the
rale of healing) should be incieased gieatly. After this profound siriiciui.il
episode, the generation of magma will be relatively rapid, and the piopoi
lion of mafic to felsic magma high. The restriction of abundant siliceous
magmas to the early stages of oiogenic evolution is consistent with thisidea.

In conclusion, the following points seem well established. (I) Two types
of chemically uniform magmas were generated throughout the span of
geologic history of these islands (2) Tlieie has been miei.K non of erupted
magmas with the environment in the case of alkali exchange in ext i i i s ixc
kcratophyres. Other possible exchanges have not been csi.ibliJud, ex iept
thai » few samples of highly metamorphosed keratophyres ha\e been im
poverished in alkalies (3) The siliceous magmas lepiiMiit lei 11.11) ((.> Mi ( ) i )
melts derived by partial fusion in a dominantly sodic cm innimeiii. and mint
probably, in an environment with considerable calcium 'I lie- l.nei beli.nioi
of this presumed calcium remains one of the important .niomalies This
parent material, for diverse reasons including geophysical and chemical e\i
(lence, is considered lo be upper mantle. (I) The mafic magmas are cheini
cally similar to so called high alumina basalts lypii.il of orogenic legions
gencially. The high magnesium of the spililcs results from its generation
from a material largely depleted in iron by abstraction of kc-raiophjre (5)
The increase in aluminum with time and the higher noim.une Ab/Q ratio
of the later quaili-nndcsine porphyries of the second group may indicate
generation ai increasing depth with lime. (6) Crystal settling and assimila
lion of wall rock were probably of little importance- in the genei.uion 01
differentiation of this suite.

SUMMARY OF Gl.Ol.OG 1C AND TECTONIC: HISTORY
OF THli NORTHERN V I R G I N ISLANDS

The tectonic evolution of the I'ueilo KKO Viigm M.m.l, .ue.i li.n .il
teady been discussed by the wrilei (Uonnelly, 196-1). 'the following .mourn
siimm.iri/ing the geologic hisioiy o( the noilhein Virgin Islands elmid.iies



172 C.MIIIIUEAN CLOI OCICAL INVt SI ICA I IONS

these ideas Imt iiiiKiitiues no new loncepis. '1 lie major cast-west fault
deduced laigtly lioin guvily cvidemc wa» nut iecugni/ed :it the time lli.il
paper was prepared, however, its existence rc(|iiiics no modification <>l the
ideas presented.

The keratophyies and spiliies ol the \Vatci Kl.uid Formation weic
cxlitided on a relatively flat tea bottom, as iiulicalcd by lack of leiiigenous
dcliilal sediment and pauojjf «( slump structures in most tiilfaieons units.
A ni.ijor east west h igli-jM f̂jĵ lMt inferred lioni gravity data was piob-
.ilily the locus ol (inpliaa^ ibetc nuginas as well as most of the later
magmas. Movements along (his (auk liiiiuli.meoiis with eruption led to
accumulation of the Water Ivland rocks in a basin with a sharply defined
northern edge. Tltctc it some evidence of shallowing of the water level
towaid the end of Water Island lime in the greater pioporiinn of uiffatcuiis
keraiophyies al the \erjr lop of the section. The end of Water Island time
was maikeJ by abrupt einetgcnie, (Kissibly in part along the major east-west
Lull noted previously. This movement, as well as subsequent movements
along' this fault, was of an opposite sense to the original movement: ihe
noithein side went doivn. Overlying basal Lonisenhoj beds were deposited
subacrially and we.ilhered to fonn a brick-red soil completely unlike any
that are forming at the pieseni time. Intercalated conglomerates of pic-
dominant))- keraiophyric clasts which are especially abundant near the base
of the l.ouisenlioj show thai there was a raiher persistent emergent source
aica of ohler rocks exposed at this lime. Slow subsidence after eatl\
l.ouisenlioj lime is reflected in the gr.idu.il diminution in abundance ol
conglomciaiic units, the finer gr.iin sire of the pyroclastic deposits and theii
reworked equivalents, and the increasingly excellent gratling of the mil
beds toward the top of (he (oiination. The overlying Outer Uiass Lime-
stone represents almost complete volcanic <|iiicsccncc and subsidence below
the level of effective wave erosion of the older rock units.

The beginning of Turu time was the beginning of renewed dilfcieniial
vertical movement, with newly cicalcd or lejuven.iled steep slopes shedding
wackcs into water ol unknown depth. Emergence of pail of the sou it e
area is seen in the abundance of partially wcaihcicd Lonisenhoj fiagmenls
among the detiital component of the I'utii Foimalion and in the intei
tabled blocks of (ossiliferons limestone of the Coki I'oini Megahiccci.i
lithofacies. A brief period of near emergence is seen in the Congo ("ay
Limestone Member. The lecryslalliralion of this unit is too extensive to
have preserved any of the diagnostic pclrogiaphic cr i ter ia which might
have revealed something of its environment of de|M>siiion. but its m.isiive-
ne>s and iie.nl) puie caliilie tomposilion shows ih.il it miisl have licrn a
bank deposit of ne.uly pine skeletal debiis.

Renewed vulcanism alter Tutu lime i> seen in the thick ;ui|>iic arulesiic
p)ioclaslic rocks of • the llans l.ollik l-'oimaiion. Mineralot;ically this
amlcsiie appears to be identical 10 that of the l.oiii»eiihuj roiinalion.

Post 11 airs l.ollik Foimalion history is obsinie in the American islands

T. W. IIONNLI 1.1 — SI I I K J M A S AND SI JOHN, II. 5 V IR I . IN IS IANI is 17:1

and has been treated in moie detail by ilelsley (I'Jlill thesis) in the llnii»h
Virgin ls)jnd>. A dale of Middle I otene near the lop of the 'Inilol.i f o r m a
lion (which includes the Mails l.ollik I'oriiraliou, called h) llelsle) a
member, in lire llrilish islands) csi.iLlislics the age of the ii|>|>ei part ol tin
Viigin Islands Croup The l.ngc li.riholillr in the llriirsli i-vl.mds iiiiiinl. i
the loilola I'oim.iUun and i> apparent ly coniein|M>iarirous unh ilu in>n
fossilileious Keeker Koimalion.

Horizontal forces of any (itieni.niori 01 sense caiinui lie slioi>n in h.nr
played an impoilanl lole al any si.ige liming ilic ekoliiimn ol ihi> .HIM
Neatly all lire siinciiilal rel.ilioiiJiijjt, olmived. .is well as ihe phv>ii. i l
Slialigiaphic chaiac lei of the lot L inn is, tan be moie eas i ly c xj>l.lined on the
basis of ditleienlial verl i tal inoveineiils Many fault jil.mes .urosi vilinh
such movements CMC until may have continued to he the loci of fault di>
placements fiom C.'ielateous lo ear ly Teiii.uy lime, and even lo the piesem.'

The pioblem of lire gtntialioii of the magmas is inexliit.dily linked mill
thai of the siiucliiial cvolnlion of lire aic. The geneiaiion of all of the
magmas is considered lo have occuned as a result of the more or less par
lial fusion of hydralcd upper nianile m.iieir.il, identical to thai piesenil)
found beneath the Caiihbean Sea al depihs between 3 and lf> 01 20 km
below the sea floor. The large volume of siliceous keraio|ih)rr. and n> a
Icssei extent, the volume of later mafic locks, icquiies the fusion of ii |>|>< i
mantle over a hoiiionlal extent consitlciably gicalrr than ihe pieseni di
mensions of lire outciopping rock iiniis If the fusion vvas Ihniicd 10 ihe
hydiated 10 10 15 km of upper mantle, their the only adeipraie e\|>l.m.i
lion for the volume of magma erupted is that hoiuoni.il movements ii.ius
ported adjacent, unfnsed m.inile into the orogen. where it was deji i tssed.
healed, partially fused, and then ils tefiadoiy residuum slnulv ili-.pl.ueil
downwaid and laterally.

The evolution of ibis portion of the \Vesl Indies ii basically ihe ie&pon%e
of juxtaposed, physically contrasting plates of ctusl and upper mantle to
an applied horizontal force. Tailuie along the join belwetri these plans
resulted in thickening and downw.nping in the initial stages (Water Mainl
lime), followed by tompressive failure, the formation of a major mine
fault system, and rapid uplift, whith foiined an emeigent island |il.itfoim
(Louisenhoj lime) and, most probably, an adjoining oceanic lienih Kiinliti
application of rompicssive forces causetl further llritkening ami (oniiniuil
emeigence of the island plaiforin. l l icre i> no evidence in ihe Virgin
Islands that submergence of any magnitude ever occuiied a f t e r Water
Island lime. Magma was generated by the partial fusion of hjdi.iinl upper
mantle; lire proportion of siliceous and mafic magmas at any lime relict is
the rale of deformation and the ra re of teinpeiaiuie lise.

The eastern Greater Antilles is a unique exhibit ol ihe s.iluiu fr. innr*

'if€ lixiiiioic 2. page HO
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ol the ciuht iibiiJ arc*, lliit area hn never been bUnkeltd with ihe
thick icriigcuoui tcdimcnis which have modified anil later guided ihc
tiiuciur.il evolution oi most oiogenic regions; it re|iiescni> instcail the
direct interaction of oceanic oust and erogenic forces. The failure of these
locks to have been metamorphosed and (heir siibscqiitni cxhiini.iiioii in a
nearly |>ri>tine condilioM |Cf l̂ ilMbly the result of a lucky geologit.il
accident —the devcln|iiM|f1 -̂4l̂ 4|||i;ilsive strike sli|> fault system south of
ide iihnd platform uloilf *>|ri«.K iMIt resolved the bulk of the |io>t liocene
diformjiitc forces. \\'ilhitl the bland |>lalfoim. the doininml trciunic
forces luvc been dilfercilliul vertical moveincnls cau»eil by ihiiLeniiig ;ii
de|iili. Alihough none of ihe structural or petrologic conclusions derived
from this study can necessarily be applied to any other sjKcific area,
nevertheless certain observations cannot fail to raise serious questions con-
cerning long standing geological hypotheses which have noc been seriously
i|ucitioncd in iccent years.
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•371 MATED ,VATER JSE IN ST. THOMAS.
U.S. VIRGIN ISLANDS,

JULY '983 - JUNE '984

By
Heriberto Torres-Sierra and Rafaei Dacosta

INTRODUCTION

•v'ater use iata i withdrawal
and return amounts) has always
been :he r.ost difficult element
to uefine in che hydro logic
:ycie. The r.eed to determine
the amount of water used to meet
public, "commercial and domestic
p.eeds among other uses is
essential where the available
supply is inadequate. In St.
Thomas, U.S. Virgin Islands,
where streamflow occurs mostly
during periods of intense
rainstorms and ground-water
resources are limited (Jordan
and Cosner, 1973), water-use
information is critical.

In 1983, the U.S. Geolog-
ical Survey, Water Resources
Division, in cooperation with
the Water Resources Research
Institute of the College of the
Virgin Islands, began a general-
ized inventory of water use in
St. Thomas.

St. Thomas is located about
20 miles east of Puerto Rico
(fig. 1). The island's popula-
tion increased from 16,000 in
1960 to more than 47,500 in
1984, paralleled with an in-
crease iO.. water production to
meet CJH$̂ , public water-supply
demand $jt&. 2).

water demands have
increased also in response to
tourism development. Although
the production of water increas-
ed with the installation of a
large-scale seawater desalina-
tion plant by the Government cf
the U.S. Virgin Islands, the
demand has not been satisfied.

'p. iv .Dout • •.' percent r the
jater produced is accounted for,
r.ost^v -ue :o losses from
leakage in the distribution
system installed in 1949 (Priede-
iedgwick, Inc., .979). 'ither
losses are _iue to unauthorized
connections, faulty meters, and
uncontrolled public faucets
ifig. 3).

WATER SOURCES AND USES

The principal sources and
uses of water in St. Thomas are
shown in -ig. 4. Seawater,
rainfall collected from residen-
tial roof-top catchments, and
ground water are the main water
sources in the island. Thermo-
electric-power generation, pub-
lic-water supply, and domestic
and commercial self-supply are
the principal uses.

Seawater is used indirectly
as the source of condenser-cool-
ing water by the Virgin Islands
Water and Power Authority (WAPA).
The waste heat from the Island
thermoelectric facility (fig.
5a) is used by the seawater-de-
salination plant (fig. 5b).
Desalinated water from storage
tanks (fig. 5c) is distributed
to the urban areas in Charlotte
Amalie (fig. 5d), by the Virgin
Islands Public Works Department
(VIPWD). Areas outside the
public-water supply distribution
bystem, such as the Donoe
housing project at New, (fig.
5e) can be classified as self-
supplied users. These obtain
their water supply from rainfall
catchments, wells, or from com-
mercial water haulers (fig. 5f).

U.S. GEOLOGICAL SURVEY
WATER RESOURCES DIVISION



The tain i;rban area of
Charlotte Amalie is also served
bv a seawater ivstem. This
system supplies water :or tire
righting and flushing of toilecs
and open drains. Areas outside
the seawater system depend on
"gray water" 'wastewater from
other household uses) as their
source of water for flushing
toilecs or irrigation. Where
aquifers vield significant water
to wells ''10 gai/rin or more)
these ,-sre also rapped as a
source of water, even if saline,
as feed tor reverse osmosis
units or for flushing.

Bottled water produced
locally or imported is an
important drinking water source.
Bottled water costs approximate-
ly SI.25 per gallon. In 1979
importation of bottled water was
estimated at 1,600 gai/d (Peebles,
1979). There are no reliable
figures for current imports.

Publlc-Watur Supply

Production of desalinated
water during the study period
averaged 2.4 million gallons per
day (Mgal/d). Only about 0.9
Mgal/d (38 percent) was accounted
(revenues from sales) by the
VIFUD. About 1.5 Mgal/d was
unaccounted for as previously
indicated. A recent investiga-
tion showed that leakage in the
distribution system represents
30 to 40 percent of the total
losses (CH2M Hill Southeast.
1983).

The production of desalina-
ted water for public supply
increased to a peak of about 2.4
Mgal/d in 1975. declining
thereafter to less than 0.6
Mgal/d in 1980. Since 1981.
WAPA has installed three new
desalination units with a total
rated capacity of 3.1 Mgal/d.
At present only two units are
being operated. Full production
capacity will be required when
the East End Transmission System
becomes operational (fig. 6).
This distribution system was
constructed in 1977 but has not
been utilized.

Water pumped to the
seawater distribution-system
averages 1.0 Mgal/d. Only about
0.35 Mgal/d of this amount Is
accounted for at the public
sewage treatment plant serving
Charlotte Amalie. The remainder
msy be lost through leaks In the
seawater-distrlbution system).

However, .--.nous storm trains in
Charlotte Aaalie are
continuous!'.- r'lushed to the
ocean bv taps from trie oeawater-
distribution svscem. Discharge
from two of these taps were
measured and had an average flow
of 0.08 .Mgal/d each. Five „-•:
these caps would account for :j
of the unaccounted flow..

The cost of potable water
to WAPA rrom the desalination
units is about S9.00 per
thousand gallons (39,00/kgai).
This dees not include amortiza-
tion costs of the desalination
units (Ajayi and Comez, 1983).
The actual costs charged by
VIPWD to consumers connected to
the distribution system is
SlA/kgal (VIPWD personal communi-
cation, 1984).

Th»rmo»lectrlc-Pow»r Genarar/on
Thermoelectric-Power Gene-

ration is the largest single
water use category in St.
Thomas. Total use was about 67
Mgal/d. This was essentially
seawater, except about one
percent freshwater obtained
directly from the desalination
plant for boiler feed.

Oom«*f/c S»lt-Suppll*d • ttmlntmll
About two-thirds of the

population in St. Thomas is not
served by the potable public
water supply distribution
system, and thus classified as
domestic self-supplied. Rain-
water collected from rooftop
catchment systems and stored in
cisterns, and withdrawals from
ground water are the sources for
domestic self-supply. Estimated
water use for this category was
about 0.7S Mgal/d. Of this
amount, 0.60 Mgal/d (80 percent)
vaa supplied from rainfall.
This indicates that rooftop
catchments are a major source of
water for most private homes
especially In the more humid
areas of the Island (fig. 7).

Virgin Islands law requires
all dwellings, apartments and
hotels to have a minimum cistern
storage of 10 gallons for each
square foot of roof area for one
story buildings, and 15 gallons
for each square foot of roof
area for two or more story
buildin*. All other buildings 3-

6T»OO 8 8* DO1

ATLANTIC OCEAN o
<r!
ui
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are requireo to nave cisterns
with a minimum useable capacity
jf -4^ gallons per square foot of
roof area except churches and
warehouses, which «re not
required tc conform to this
standard (Jordan and Cosner,
1973). A comparison of yields
b ?n rooftop-rainfall catch-
m«^_- at a high rainfall (Doro-
thea) and at a low rainfall area
(Red Hook), was made using data
from July 1983 to June 1984.
The comparison was made for a
family of four using 25 gallons
per capita per day (25 gpcdl
with a roof area of 1,000 ft
and an initially full cistern
(10,000 gal). The family would
have required the services of a
water hauler only once if they
lived in the Dorothea area, and
twice if they lived in the Red
Hook area. Rainfall could have
supplied about 50 percent of the
total water needs in the Dorothea
area, but only 31 percent at Red
Hook.

The cost of water produced
by household roof-top cistern
systems is estimated at $1? to
S19/kgal (CH2M Hill Southeast,
1963). The major cost is
associated with construction of
a cistern.

Domtttic S»lf-Suppll*d -
Ground Wmt»r

Ground water withdrawn for
domestic self-supplied use was
about 0.15 Hgal/d. Ground-water
withdrawals by the Virgin
I ds Housing Authority (VIHA)
w.̂ ^ estimated at 0.10 Hgal/d.
An additional 0.05 Mgal/d was
used by other domestic self-
supplied users.

Ground water for domestic
use is available in nearly all
parts of the island. There are
only a feu areas where yields to
wells are large enough to warrant
the development of public
supplies. In their study.
Jordan and Cosner divided the
island into five ground-water
areas according to their poten-
tial yield and water quality
(fig. 8). The potential yield

anc wai^r qua^izv w: tne.se areas
are limited oy excessive depth
tc water, seawater intrusion,
waste-water contamination, and
contamination from seawater
mains.

Commercial Selt-Supplltd
Condominiums and hotels

used about 2.0 Mgal/d of saline
water. This is used principally
for cooling, flushing toilets,
and swimming pools. Small
desalination plants produce
about 0.1 Mgal/d freshwater.

About 0.2 Mgal/d of the
commercial water-use is ground
water. This is used mostly for
flushing toilets. In some
areas, where the ground water is
of good quality, the waste water
is used for irrigation of lawns
(Mahogany Run). However, most
of the commercial facilities are
located near the coast and pump
saline-ground water.

Water haulers supplied an
estimated 0.07 Mgal/d of desalin-
ated water from the VIPWD
standpipes to commercial users.
The average price of water
delivered by water haulers la
$55/kgal (Ajayi and G6mei-G6mez,
1983). An estimated amount of
0.05 Mgal/d was obtained from
rooftop rainfall catchments.

Public Wt»t»-W*t»r Truitm»nt
There are seven public

waste-water treatment facilitiea
in St. Thomas (fig. 9). The
airport plant, serving Charlotte
Amalie, discharges about 0.5
Mgal/d to the ocean. Instantan-
eous flow rates measured In June
1984 ranged from 0.16 to 1.4
Mgal/d (fig. 10). Specific
conductance measurements indica-
ted that about 70 percent of the
effluent was seawater.

The other six waste-water
treatment plants serve mostly
public-housing projects. These
discharge about 0.20 Mgal/d to
streams and the ocean.

SOURCE, DISTRIt
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DATE:

FROM:

TO:

THRU

JAN 06
UNITED STATEb ENVIRONMENTAL PROTECTION AGcNCY

REGION II

Preliminary Assessment and Confirmation of Authorization of
CERCLA Removal Action Monies for the TUTU Well Site, Anna's
Retreat, Saint Thomas, U.S. virgin islands - ACTION MEMORANDUM

Carlos E
On-Scene

O'Neill
Coordinator

Stephen D. Luftig, Director
Emergency and Remedial Response Division

George H. Zachos, Acting Chief
Response and Prevention Branch

I. EXECUTIVE SUMMARY

On July 15, 1987, Mr. Allan Smith, Commissioner of the
Department of Planning and Natural Resources (DPNR), U.S.
Virgin Islands, verbally requested that the U.S. Environmental
Protection Agency (EPA) provide analytical support in the
sampling of one well which was reported to exhibit a strong
unpleasant odor. This well is a major source of commercially
provided potable water supply for the eastern portion of St.
Thomas. The well is located on the eastern part of the island
in the Tutu Section of Anna's Retreat./ This verbal request
was followed by an additional request for EPA to assume the
role of Lead Agency after sampling results indicated that
several commercial wells were found to be contaminated with
hazardous substances. This verbal request was followed by a
formal request in writing by DPNR on August 10, 1987.

In July and August of 1987, EPA confirmed by sampling and
analysis, the contamination of groundwater with volatile
organic compounds. A major contaminant in the groundwater is
tetrachloroethylene (TCE). The EPA 10-Day Health Advisory
Level of 175 ppb was exceeded in three (3) of twenty four (24)
wells sampled, with two of the three contaminated wells being
private residential wells.^ The concentrations found ranged
from 240 to 7,600 ppb with seven (7) additional wells being
below the EPA 10-Day Health Advisory, but above the U.S. Virgin
Island's interim maximum permissible concentration levels set
on September 1, 1987, by DPNR for volatile organics in drinking
water in the Turpentine Run Aquifer (50 ppb for a single com-
pound or 100 ppb for total volatile organic compounds). Three
of the previously mentioned seven wells were residential wells.

II FORM 132O-1 (•/8S)
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Th i s Action Memorandum will document funding authorized for
Phase I of the Tutu Well Site CERCLA Removal Action. Phase I
addresses only residences having contaminated drinking water
wells with volatile organic compounds above levels established
by the U.S.V.I.'s interim maximum permissible concentration
levels for potable water. This action did not include wells
where water is used primarily for commercial, business,
industrial and/or trade purposes. It also did not include
wells contaminated solely by gasoline or gasoline by-products
which are not hazardous substances within the definition of
Section 101(14) of CERCLA. This action includes the decontam-
ination and cleaning of residential cisterns contaminated
by hazardous substances, the modification of plumbing, the
delivery of water by tank trucks as a temporary alternate water
supply, and a well water monitoring program. The total project
ceiling authorized for a 52-week period is $100,000 of which
$40,000 is estimated for mitigation contracting; $45,000 for
TAT's extramural costs; and $15,000 for EPA's intramural costs.

This memorandum will confirm your prior verbal authorization
of Trust Fund monies, issued to the Chief, Incident Response
and Prevention Section on September 1, 1987, to initiate the
removal action at the subject site, and subsequently revised
to the current project ceiling of $100,000.

II. BACKGROUND

A. Historical Information

A request for EPA analytical support for one well in the Tutu
Section of St. Thomas was made verbally on July 15, 1987 from
DPNR. On July 31, 1987, a verbal request for EPA to assume
the role of Lead Agency was made, and this was followed bv a
written confirmation of the request, dated August 10, 1987
(received by the Emergency and Remedial Response Division on
August 19, 1987). The initial request was based on a report
that one well was reported to have a strong odor, characteris-
tic of a petroleum product. This well is a major source of
commercially orovided potable water for.the eastern portion of
the island. fKPA's preliminary investigation commenced on July
21, 1987, witk • field reconnaissance and sampling of this one
well and six additional wells identified in the immediate area.
Several of th*a« wells are also major water suppliers of public
drinking water to the eastern part of the island.
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Laboratory results from this survey indicated that the initial
well was highly contaminated with gasoline and chlorinated
organics, and the additional six wells contained elevated
levels of chlorinated volatile organic compounds. <3ased on
these results, DPNR declared that an imminent health threat
existed, which could affect approximately 20,000 people living
in St. Thomas.

in addition, an indefinite number of tourists who vacation in
St. Thomas were at risk since these commercial wells supply
water to major hotels and restaurants. DPNR issued orders to
close these seven commercial wells to protect public health.

»Subsequent to this action, EPA expanded their sampling plan
due to the threat of greater contamination to drinking water
wells in the area. EPA along with DPNR, identified other
wells within the Tutu Water/Turpentine Run Aquifer which may
be impacted by the hazardous substances identified to be pres-
ent in the groundwater. A second round of groundwater well
sampling took place on August 10 and 11, 1987, which included
a total of twenty-four (24) wells identified in the Tutu
Section of Anna's Retreat. All twenty—four wells were sampled
and analyzed for volatile organic compounds. Following these
results, DPNR closed the five private wells which service two
three-family homes and one apartment building housing twelve
studio units*

B. Site Setting/Description

The contaminated wells are located in the Tutu Section of
Anna's Retreat, St. Thomas, U.S. Virgin Islands. The five
(5) private wells recently ordered closed are located in the
Tutu residential area. At the present time, the affected
area is not serviced by any public water supply. EPA sampled
a total of twenty—four (24) wells in the Tutu area and found
five private wells and eight (8) commercial wells seriously
contaminated with up to 7,600 ppb of PCE. (See map attached).

C. Quantity and Type of Substance Present

EPA sampled an4 analyzed for suspected volatile organic com-
pounds on Juljr 32 and August 10, 1987. Listed below are the
maximum concentrations of the hazardous substances identified
in the drinking water wells:
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Maximum Statutory Source of
Concentration Hazardous Substances

Contaminant Found (ppb) under CERCLA

Tetrachloroethylene 7,600 Clean Water Act
Section 307(a)

Trichloroethylene 61 Clean Water Act
Section 307(a)

Benzene 1,400 Clean Water Act
Section 307(a)

The results of the sampling are contained in Tables I and II.
PCE contamination ranged from non-detectable to seven thousand-
six hundred parts per billion (7,600 ppb). Sampling results
adequately document 3 wells with contamination above EPA's 175
ppb PCE 10-Day Health Advisory Level and eight (8) wells above
the DPNR's interim standards for maximum contaminant levels of
volatile organic compounds in drinking water.

III. THREAT

A. Threat of Public Exposure

Direct contact with PCE may cause eye and nose irritation
along with dry scaly and fissured dermatitis. Acute exposure
through absorption, inhalation or ingestion, may cause central
nervous system depression, hepatic injury and anesthetic death,
PCE has been found to be carcinogenic.

This is a case of actual contamination in excess of the EPA
175 ppb PCE 10-Day Health Advisory Level for a three-family
house and one apartment building housing twelve studio units.
In the other three family apartment dwellings, the well con-
tamination exceeded the interim DPNR drinking water standard
of 50 ppb for any single volatile organic constituent. in
addition to the exposure via consumption of the water, or
eating food prepared with this water, showering with water
contaminated with volatile organics can contaminate the air to
significantly unhealthy levels.
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The location, direction and dimensions of the plume are af-
fected by variations in water table depth, rate of punping
of the wells, duration and intensity of rainfall, and inter-
mittent releases of chemicals from one or more sources, all
of which are unknown at this time. Given the above variables
which affect contaminant strengths in any well within the
plume may vary randomly.

On September 2, 1987, DPNR issued three (3) orders to close
wells and issued two (2) advisory letters to homeowners not to
use well water for drinking, bathing and washing.

B. Evidence of Extent of Release

Investigation, sampling and analyses by EPA have identified
contaminated groundwater, as described above, and containing
contaminates, as described in Tables I and II.

C. Previous Actions to Abate Threat

NO mitigative action was taken by any potentially Responsible
Party prior to EPA's recent activities.

D. Current Actions to Abate Threat

v EPA has commenced an investigation of the Tutu Water/Turpentine
Run Aquifer by establishing a cooperative agreement with the
U.S. Geologic Survey to define the characteristics of this
aquifer and to determine the extent of contamination. EPA and
DPNR have also completed Aquifer and a monthly well monitoring
program is being developed*

•7 DPNR has issued a total of ten (10) orders/advisories to well
owners to close sixteen (16) wells.

A local dry-cleaner has been identified as using and storing
PCS. Handling, storage and disposal practices from this
facility are unknown at this time. DPNR has proposed to issue
an advisory to local dry cleaning establishments instructing
them to properly store and hold all waste for proper disposal
by an industrial waste hauler. /DPNR with the assistance of EPA
is conducting an assessment of at least nine (9) facilities
identified to b« potential sources of hazardous waste and/or
substance releases in the Tutu area.
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EPA has cleaned the homeowner's cisterns that have been contam-
inated by hazardous substances from the groundwater, modified
the existing home plumbing to terminate well connections, and
intends to continue to deliver clean water via tank trucks on a
regular basis, and establish a surveillance program for all
wells in the area by a monthly groundwater monitoring program.
This Phase I, short-term removal action will mitigate the threat
to public health by providing a temporary alternate source of
water for affected consumers.

IV. ENFORCEMENT

The contaminant plume is generally believed by both DPNR and
EPA, to have its source from past and present improper handling
and disposal practices of organic solvents, possibly from dry
cleaners and auto repair shops operating in the area. This site
has been referred to the Site Compliance Branch for enforcement
action. An attorney and enforcement project officer have been
assigned to this case. EPA issued Request for Information
letters to all Potentially Responsible Parties.

V. PROPOSED PROJECT

A. Objective of the Phase I Removal Action

The primary objective of the Phase I of the removal action is
the mitigation of the threat to public health by providing a
safe potable water supply to the affected residences.

Two three-family homes and one apartment complex housing
twelve studio units were identified as being dependent on
groundwater from their own private wells. Their respective
wells were ordered closed-down by DPNR for exceeding interim
drinking water standards.

To reach the objective of providing a safe interim drinking
water supply and protect the health of the public at risk, the
following removal action was initiated. Water storage cisterns,
which received contaminated groundwater from affected wells,
were cleaned and sanitized. Cisterns were filled with clean,
safe, drinking water. Hater tank trucks from local water haul-
ers will be providing water for the affected cisterns on a reg-
ular basis. Plumbing modification was made to disconnect water
lines from the contaminated wells which provide groundwater to
the cisterns.
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An attempt to connect well water directly to toilets for flush-
ing will be made, if physically and economically feasible.
A well surveillance program will be implemented involving all
the wells in the Turpentine Run Aquifer, thru monthly sampling
and monitoring.

The longer term, Phase II objective will require the provision
of a permanent alternate water supply in lieu of the temporary
trucking of water to the threatened consumers within the plume
area. Upon completion of an analysis of the alternatives for
permanent water supply to these residences, a recommendation
will be made for Phase II.

B. Project Estimated Co3ta

Water consumption per person per day on the average is thirty
(30) gallons. It is estimated that the one apartment building i-
has twelve studio units with the average of two people per unit.
The two other private homes are three-family dwellings with the
average of ten people in each. The cisterns in the three family
houses are small and, therefore, a supply of water must be deliv-
ered every two or three weeks, respectively. The delivery period
is currently estimated to be one year or when a permanent alter-
nate water supply can be provided, whichever occurs first.

PROJECT COST (PHASE I)

Cisterns Clean-Up;

Provide labor, material and equipment
including one vacuum truck, pressure water
spray guns, water tank truck, etc., to
drain and dispose contaminated water and
to clean and sanitize identified cisterns....... $13,000

Modification of plumbing including
Labor and Materials............................. $ 5,035

Refill cisterns with clean and safe drinking
water........................................... $ 2,665

Provide Cisterns with clean and safe drinking
water on regular basis according to a pre-
approved schedule............................... $15,000

Contingency (10%)..............................* $ 4,300

Total Mitigation Cost................. $40,000
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Extramural TAT Cost

TAT Monitoring and sampling program
(Including travel and per diem)................. $35,000

TAT Technical and administrative
support (including travel and per diem)......... $10.000

Total TAT Cost $45,000

Intramural EPA Cost

(Including travel and per diem)..................$15,000

ESTIMATED TOTAL PROJECT COST..........$100,000

This figure represents the estimated total for Phase I. It
could be reduced significantly, if a reliable and permanent
alternate water supply is found sooner than the proposed
52-weeks delivery period; might be increased, depending upon
the identification of new drinking water wells found to be
contaminated with hazardous substances within the affected
area.

C. Project Schedule

Project initiation of cistern clean-up and safe water de-
livery has already been implemented based on verbal funding
authorization. Safe water delivery period is currently
estimated not to exceed one year or when a permanent alternate
water supply can be provided, whichever occurs first.

V. RECOMMENDATIONS

Conditions at the Tutu Hell Site meet the requirements of
Section 300.65 of the National Contingency Plan (NCP) for a
CERCLA/SARA removal action. EPA has determined that there is
a threat to public health at the site (Section 300.65(b)(1).
This determination was based on:

1) Hu»*n exposure to unacceptably high levels of acutely
toxic substances (Section 300 .65(b)(2)(i), and

2) Contamination of drinking water supply (Section 300.65
(b)(2)(ii).

TUT



-9-

The resident population at
well water as their source

risk currently relies on private
of potable water.

This removal action complies with Section 104(b)(2) of CERCLA,
as amended by SARA, in that it is consistent with the efficient
performance of long-term remedial measures, by providing an
interim supply of potable water to the public until a permanent
water supply can be secured.

This is a written confirmation of the initial and revised verbal
approval of up to $100,000 for the total project ceiling estab-
lished on September 1, 1987, by the Director of the Emergency
and Remedial Response Division to the OSC for the CERCLA removal
action at the Tutu Well Site. The mitigation contracting ceil-
ing is estimated at $40,000, with an additional $45,000 for TAT
costs, and $15,000 for EPA costs.

Your authority to authorize these funds is pursuant to Deputy
Administrator Alvin Aim's memorandum of Delegation Number 14-lA
dated April
R-ll-1200.6

APPROVAL:

Dewling's Redelegation Order

DATE:

DISAPPROVAL: DATE:

cc: (after approval is obtained)

C. Daggett , 2RA
R. Salkie , 2ERR-DD
5. Luf t ig , 2ERR
6. Zachos, 2ERR-RP
B. Sprague, 2ERR-RP
J. Czapor, 2ERRD-SC
G. Pavlou, 2ERRD-NYCRA

J. Marshall, 2OEP
P. Gelabert, 2CFO
R. Gherardi, 20PM-FIN
T. Sullivan, PM-214P (EXPRESS
T. Fields, WH-548B
P. McKechnie, 2IG

MAIL)
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PHOTO VAC SAMPLING RESULTS

TUTU VELL IITE
ST. THOMAS, 0.5. VIRGIN I SUNOS

SAMPLE
LOCATION

SAMPLt
9WltS

DATE
$ AMPLEO

DATE
ANALYZE) SOURCE BEN TCE PCE TOL DCE 6CMS

m«»w mmmmmmm •••••••• ••••••

HARTHMAN CRUSH 07-472 07/22/07 07/20/07 XV
HAtTKMAN IAKIRY 07-474 07/22/07 07/20/07 XV
4 VXNOS VELU1 17-475 07/22/07 07/20/07 CV
4 VINOS VELLJ2 07-471 07/22/17 07/20/07 CV
TILLET 07-477 07/22/07 07/20/07 CV
VIHA 07-470 07/22/07 07/20/17 XV
ICUM 07-471 07/22/17 07/20/17 Of
TXltET 17*400 07/22/07 07/20/07 CV
FIELD 1UUIX 07-401 07/22/07 07/20/07 VA

0
0
7
7

122
IS
1ttso
0

7
0
It
It
OSt
1C
711
0

102
2
C4
(1
200 4
21
II

2040 4t!
0 (

2

t 22'
F (

'
1

TABLB I

TUT 002



NELL SAMPLING RESULTS
TUTU NELL SITE

ST. THOMAS, U.S. VIRGIN ISLANDS

SAMPLE DATE DATE
UMBER SAMPLED AJULY2EB SOURCE BE1 TCE PCI WL DCE OCXS

r 4 fXNOS 12 001* 00/10/07 00/13/07 CN
KLIN NELL 01 002* 00/10/07 00/13/07 CN
ICLIN NELL 02 003A 00/10/07 00/13/07 CN
ECLIN NELL 13 004* 00/10/07 00/13/07 CN
HARTHMAM IAXIRY 005* 00/10/07 00/13/07 XI
HARTHMAN CRUSH OOCA 00/10/07 00/13/07 XI
HARTHHAN ESTATE 007* 00/10/07 00/13/07 fl
ROORIC0EX AOTO 000* 00/10/07 00/13/07 XI
BRTAH 000* 00/10/07 00/13/07 CN
ALPHA,LEONARD 010A 00/10/07 00/13/07 fl
BMXTH.LQC1T* Oil* 00/10/07 00/13/07 fl
OttCM 03 012* 00/10/07 00/13/07 Of
DEVCOI 01 013* 00/10/07 00/13/07 CN
OIDI 014* 00/10/07 00/13/07 1*
DMITRI 020* 00/10/07 00/13/07 CO

• ?XN* ItLL 03 021* 00/10/07 00/13/07 XI
VXH* NELL 01 022* 00/10/07 00/13/07 XI
•AMBIT 030* 00/10/07 00/13/07 XI
. /EEL 031* 00/10/07 00/13/07 fl
TUBVtT 032* 00/10/07 00/13/07 fl
MATHIAS 033* 00/10/07 00/13/07 fl
FRANCOIS 034* 00/10/07 00/13/07 fl
DUTCH 03ft* 00/10/07 00/13/07 fl

21 72
11 30
13 43
10 07

1

3
20

12

10
7

20 270
01 7100
4 00
20 120
0 0

213
03
74
Cf
1
12

0

12
1
Cl
9w
9

140
0

T
T

TXLL1T 03CA 00/10/07 00/13/07 CN 1300 0 240 1C 170 .f
TXLUBT OOf OH* 00/10/07 00/13/07 OP 1400 M 130 33 020 .T
FIELD BLANI 040* 00/10/07 00/13/07 1* 0 0 0 0 0 .f

TAB*-* •*
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U. S Geological Survey
Water Resources Division

Caribbean District
Open - File Report

A SURVEY OF THE WATER RESOURCES OF

ST. THOMAS VIRGIN ISLANDS
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ABSTRACT

St. Thomas, with an area of 32 square miles, is the second
largest of the Virgin Islands of the United States. The island is
mountainous, and slopes commonly exceed 35 degrees along a
central ndge 800 to 1,200 feet high running the length of the
island. The general appearance is a panorama of numerous steep
interstream spurs and rounded peaks.

The island is made up of rocks of Cretaceous age, mostly
volcanic flows and breccias. A thin limestone and tuffaceous
wacke complete the sequence of major rock types. All the rocks
have been tilted and dip about 50 degrees north.

Water in Charlotte Amalie, the capital, is supplied by
sea-water desalting and water barged from Puerto Rico and is
augmented by hillside rain catchments and individual roof catch-
ments . Rainwater augmented by water hauling and a few wells
is the source of water for the rural areas.

Streamflow is meager—2 to 8 percent of the annual rainfall—
and is predominantly storm runoff. Runoff after rainstorms seldom
exceeds 5 percent of the rainfall. Runoff is rapid, however, and
flash floods occasionally occur.

Test drilling has shown that water can be obtained from
fractured volcanic rocks in nearly all parts of the island. Wells
will yield, generally, less than 1,000 gpd (gallons per day) . In
the upper Turpentine Run Valley and the Lovenlund Valley, short-
term yields of individual wells are as great as 100 gallons per minute.
Estimates of potential yield from these areas are 300,000 and
100,000 gpd, respectively. Two smaller areas—Long Bay and
Lindberg Bay on the outskirts of Charlotte Amalie have estimated
ground-water yields of 70,000 and 30,000 gpd, respectively. Fully
developed, the surface- and ground-water resources of the island
could yields!.3 million gallons of water per day.

Ground water is slightly saline, commonly containing more
than 1,000 milligrams per liter dissolved solids. The principal
source of the minerals is bulk fallout of sea- and land-derived
dust from the atmosphere. Solution of minerals from the rocks of
the aquifers is the second largest contributor. Nitrate and some
of the bicarbonate content of the water is probably derived from
vegetation and animal and human wastes.

Surface water is similar in mineral content to ground water
during base flow.
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A S U R V E Y O F T H E W A T E R R E S O U R C E S O F

S T . T H O M A S , V I R G I N I S L A N D S

by D. G. Jordan and O . I . Cosner

LOCATION AND GENERAL SETTING

Location

The Virgin Islands, forming part of the Antilles
Island Arch separating the Caribbean Sea from the
Atlantic Ocean, are about 1 ,400 miles southeast
of New York and almost 1,000 miles east southeast
of Miami. St. Thomas, the northwesternmost
island, lies about 50 miles east of Puerto Rico

( f i g . 1 ) .

St. Thomas is the second largest of the more
than 50 islands and cays constituting the Virgin
Islands of the United States. The island is
approximately 14 miles long and 2 to 3 miles
wide and has an area of 32 square miles. Lying
within a few miles of the coast are nearly 40
smaller islands, ranging in area from slightly
less than a square mile to a few hundred square
feet.

ATLANTIC OCEAN

C A R I B B E A N S E A

Figure 1.—Location of the Virgin Islands of the United States.



Population Climate

St. Thomas has about 17,000 permanent resi-
dents and a transient population of tounst and im-
ported laborers of about 8,000. The majority of
the population is urban—about 2 0 , 0 0 0 people live
in Charlotte Amalie, the only city and also the
seat of government of the Virgin Islands. The
permanent population is increasing rapidly and is
expected to double by 1980 (unpuolished data,
V . I . Planning Board, 1964) .

Topography

The land surface is almost entirely sloping and
extends seaward from a central ridge, 800 to 1 ,200
feet high, running the length of the island. The
slopes, which commonly exceed 35 degrees, are
dissected by numerous stream courses of steep
gradient. The general appearance is a panorama
of steep interstream spurs and rounded peaks.
Flat land is confined to the Charlotte Amalie area
and a few small alluvial-filled embayments. The
only variation in the general topography is in the
upper valley of Turpentine Run in eastern St.
Thomas. The valley has relatively gentle
topography consisting of rolling hills in a basin
surrounded by steep slopes and sharp ridges.

Land Cover and Use

At one time almost all the land, including that
characterized by steep slopes, was under cultiva-
tion, primarily for grazing or growing sugarcane or
cotton. Agriculture, however, has declined
almost to extinction. A few square miles of land
are still devoted to grazing in the eastern part of
the island, and about 10 acres are used for truck
gardening in the north central part. The remainder
has been allowed to revert to brush and secondary
forest.

Now, land use 1* changing rapidly, much of it
brought on by the )e**9e and its rapid mass trans-
portation. Increastftl population, in part caused
by development of ^£ island as a retirement haven
and by tourism, re&tt» In more land being used
for urban and suburban development. The increase
in population not only makes new demands upon
the water supply, but also the changes in land use
could very well affect the available quantity and
quality of the water resources.

The average annual rainfall is about 45 inches
and the average temperature is only 80°F, but the
prevailing impression of the climate is one of
dryness, especially in the winter. This is espe-
cially true of the east end of the island, where,
because of orographic effects , rainfall is only
about 80 percent of that elsewhere.

Rain is seasonal, nearly half fal l ing between
August and November. February and March are
the driest months and September and October the
wettest. Most of the rain occurs as short,
intense showers lasting but a few minutes. Rams
exceeding 1 inch, with accompanying overcast,
cloudy skies, come but six or seven times a year.
Thus, there are few days when the sun does not
shine.

Although major rains are rare, their volume is
noteworthy. The greatest rainfall of record was
18.0 inches September 13-14, 1928, during a
hurricane. The last great rain in recent years
was 10.6 inches May 8, 1960, the result of a
stationary tropical depression.

The island lies in the path of hurricanes and
occasionally receives heavy rains and high winds
from passing storms. The incidence of direct hits
is low—damaging storms having a frequency of
about one every 33 years. The last hurricane to
cause extensive damage was in September 1928.

The direct rays of the sun are very hot, but air
temperature is modified by the almost constant
trade wind. Air temperature (table 1) ranges from
a mean low of 72 ,0°F in February to a mean high
of 87.8° F in August. The highest daily temper-
ature of record was 9S°F and the low, 63°F.

The prevailing wind direction is from the east.
Northeast and southeast winds are relatively
common, but west winds are rare. Monthly
average wind velocity during 1953-58 at Harry S.
Truman Airport is given in table 1. A wind rose
for the same period is shown in figure 2.

Relative humidity is high owing to the proximity
of the sea. At Harry S. Truman Airport dunng
1953-58 relative humidity was highest, averaging
81 percent,in the early morning hours, and lowest,
averaging 66 percent, in the early afternoon.
Average daily humidity is given in table 1.

*
i
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item
EX P L A N A T I O N

ALLUVIUM-Si l t , cloy, and thin, discontinuous beds of sand and grove l
Includes beach sand. Estimated maximum thickness 50 ft

TUTU FORMATION -Tuffoceous conglomeratic mix ture derived from older
rocks. Contains some limestone, especially near the top Maximum thickness
greater than 6,000 ft.

OUTER BRASS LIMESTONE-Thin-bedded siliceous limestone and a few
thin beds of tuf f Estimated maximum thickness 600 ft.

LOUISENHOJ FORMATION-Water-laid tu f f , breccia, and a few thin beds
of limestone Maximum thickness known 13,000 ft

WATER ISLAND FORMATION-Lava flows, flow breccia, and water- la id
tuf f intruded by dikes and plugs Maximum thickness greater than 15,000 ft

Contact

Inferred fault, dotted where concealed

Figure 3.--Geology of St. Thomas.



Geology

The general geology of St. Thomas ( f i g . 3) has
been studied for many years, but only recently
have the geologic formations been named and
descnbed in detail (Donnelly, 1960, 1966). The
names of geologic formations used in this report
are after Donnelly. The names nave not been
adopted by the U.S . Geological Survey.

The volcanic and sedimentary rocks of St.
Thomas are of Cretaceous (and older?) age. The
oldest rocks, those of the Water Island Formation
of Donnelly ( 1 9 6 0 ) are predominantly lava flows
and flow breccias deposited at great depth on the
sea floor. Uplift and subareal erosion followed
deposition.

The Louisenhoj Formation overlying the Water
Island Formation was extruded from a volcanic
center probably sited in what is now Pillsbury
Sound between St. Thomas and St. John. Near the
presumed location of the volcanic onflce the rocks
are mostly very coarse reworked cone debris.
Farther from the orifice, coarse material lessens
and tuffs predominate. Near the base of the
Louisenho) Formation is a conglomerate composed
chiefly of rock from the Water Island Formation.

The Outer Brass Limestone was deposited on the
flanks of the Louisenhoj volcanic cone during a
period of volcanic quiescence. It consists of 200
to 600 feet of thin-bedded graphitic sllicified
radlolanan limestone and a small amount of
Included tuffaceous material.

The Tutu Formation, the youngest rock exposed
on St. Thomas proper,is composed almost entirely
of angular debns derived from the Louisenhoj
Formation and minor limestone debris from thin
limestone deposited contemporaneously with the
Tutu Formation.

The rocks were subsequently tilted to form a
northward-dipping homocline. Dips range from IS
to 90 degrees and average about 50 degrees.
Locally the formation* are overturned.

The permeable zotttt that these rocks once may
have had after deposition have been destroyed by
metamorphism or by deposition of minerals in pore
spaces. Ground-water movement is now limited
to openings along joints and fault zones. The
homoclinal structure is cut by sets of faults trend-
ing N 45° W, N 55° E and north. Three well-
defined joint sets parallel each of the major fault

directions. The valleys of the island have
similar trends and are apparently the result of
selective erosion of rock weakened by faulting
and jointing. Prime zones of ground-water
availability, therefore, follow the valleys.

Small alluvial deposits ranging from
Pleistocene (?) to Holocene in age lie in the
valley of Turpentine Run in east-central St.
Thomas and the larger coastal embayments.

The alluvium of Turpentine Run lies in a narrow
band seldom more than 200 feet in width along the
stream. Maximum thickness of the alluvium is
about 40 feet. Most of this alluvium, which is
composed of silt, fine sand, and clay and contains
discontinuous beds of sand and gravel 2 to 3 feet
thick, lies in the Mt. Zion-Tutu area of the upper
basin and in the narrow valley from Mariendal to
Mangrove Lagoon in the lower basin. The
alluvium extends out under the lagoon near the
mouth of Turpentine Run. Although composed pre-
dominately of fine-grained material, the alluvium
readily infiltrates streamflow when the ground-
water level is below the base of the stream. As
such, the alluvium forms a readily rechargeable
aquifer, although it is of small extent and yield.

Some coastal embayments headed by intermit-
tent streams contain small deposits of alluvium
similar to that of Turpentine Run. Maximum
thickness of these deposits is estimated to be 50
feet, and their areal extent seldom is greater than
a few acres (an exception being the Long Bay and
Airport areas near Charlotte Amalie ). Near the
sea, the alluvium interfingers with calcareous
sand and at times contains lenses of mangrove-
swamp deposits. Therefore, the deposits are of
minor significance as sources of water.

OCCURRENCE AND MOVEMENT OF WATER

Water mover through a cyclic pattern--the
hydrologic cycle—in which there are three storage
areas : the sea, the land, and the atmosphere.
On the land, surface water and ground water
depend on: (1) the amount, intensity, and areal
extent of the rainstorms; ( 2 ) the slope of the
land; ( 3) the moisture content of the soil and
vegetal cover; ( 4) the infiltration capacity of
the soil and underlying rocks; and ( 5) the size.



3t" openings in tnenumoer , and interconnection
aquifer .

R a i n f a l l

"am is the only natural source of fresn water
to replenisn the water resources of the i s l and .

R a i n f a l l is seasona l , v / i t h the rainy season • .n
late summer ana early fa l l and a secondary wet
season usual ly in M a y . .'."early nai f the rain f a l l s
dur ing August-Novemoer i f :g . -) i . Rams exceed-
ing 1 inch in 24 hours come SLX or seven times a
year. Four to 15 inches of ram fa l ls in a 48-hour
period about once every 2 years in large s torms.
These rams can occur in any month but are more
likely during the hurricane season ( August-
November) . About half the time annual r a i n f a l l is
oetween 40 and 50 inches ( f i g . 5) . Lass than 10
percent of the time annual r a i n f a l l is less than 35
inches, wnich usual ly means a ma jo r deficiency
during the normal wet season and drought.

The cumulative departure from average and the
10-year running average of rainfal l shown m figure
6 shows that at this time of writing (1 967 ) the
island may be entennq a period of deficient rain-
fal l . With the exception of a few years in the late
1940's and early 1950's , rainfal l in the past 30
years has been below average. There has been a
long-term decline of about 10 inches in annual
rainfall since the peak of the surplus rainfal l
period in the early 1930's. The most severe
droughts of record occurred in 1964 and 1967,
wnen but 27 and 24 inches of ram fell, respec-
tively.

-real distribution of long-term rainfall , shown
in figure 7 ( see letter "a "), is controlled by topo-
graphy and the prevailing easterly to northeasterly
winds. However, individual storms may or may
not show the effects of orographic control or pre-
vailing winds and the areal distribution of the
storms can be very irregular ( f i g . 7—letters "b"
to " f " ) .

Soil Moisture

The soil zone over most of St. Thomas is not
more than 1 foot thick. Where of sufficient thick-
ness it has, however, the unique property of
absorbing large volumes of water—as much as 12
inches in 24 hours (R.Scott , SCS, oral commun. ,

1 9 6 3 ) . Examinat ion ot the soil zone w n e n crv
shows it to ce coarse ly ^ - ranu ia r . •;•.•.• in ,5 to CIU.T.P-
ing of ciay and s i l t particles. Prolonged sa tura -
tion is necessary oefore tne granules preak down.
As a resu l t , the sea r.a s a r.ign pe rmeap i luv u n t i l
well saturated, o u t , once saturated, i t cecomes
poorly permeaoie and re ta ins water in tr.e core
spaces oetween part icles and rejects any excess.

. oservaticr.s airing ra ins torms i n d i c a t e mat
:he typical soil zone w i l l aosoro aoout 2 -r.cnes
of water oefore some water ;s rejected or moves
to :ne underlying pedrock. f u l l y s a t u r a t e d , '.re
soil w i l l probaoly re ta in 3 inches ot wa te r per root
of depth .

The capacity of the soil to hold large volumes
of water, together w i th infrequent m a j o r rainstorms
and a high evapotranspirat ion ra te , seriously
reduces ground-water recnarge and storm r u n o f f .

Evapotranspiration

Most of the water trapped in the soil zone
returns to the atmosphere by evaporation or tran-
spiration by plants (evapotranspiration). On St.
Thomas this process is active throughout the year,
and 90 to 95 percent of the rainfall is returned to
the atmosphere. The tendecy of the soil to granu-
late is also conducive to evaporation. As water
is evaporated from the surface cf a saturated tight
soil, the soil again becomes granular and exposes
the soil at depth to the circulation of a i r . Con-
sequently, further rapid evaporation of soil
moisture results.

Transpiration is a major means of water loss
from the soil zone and also from the upper part of
the aquifer , if the water table is near the land
surface. Grasses and shallow-rooted plants can
transpire water only from the upper few feet of the
soil zone, but many kinds of trees, such as deep-
rooted false tamarind, transpire water from depths
of more than 20 feet.

The effects of evapotranspiration may be seen
in the channel of Bonne Resolution Gut below the
gaging station. The gut flows in a predominantly
bedrock channel a few feet wide for about 1, 500
feet before reaching the alluvia ted embayment at
Dorothea Bay. Base flow of the stream, when less
than l O . O O O g p d (gallons per day) , disappears in
this reach. The loss is attributed principally to
transpiration by the dense growth of brush and
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(o) overoge annual

(b) March 25-26. 1963

(d) May 9-13, 1963

(e) August 28-29. 1963
1 4 9 Mitts

fc) April 7-8. 1963 (() Dectmber 10-13, 1965
Figure 7 .—liohyetals In Inches of the long-term distribution of rainfall (a )

and of Individual rainstorms (b-f) on St. Thomas.



trees bordering tne stream, f r o m t.-.e appearance
zf. the vegetation in a dry period, only the vegeta-
tion in a strip about 100 feet wide wi th a total area
of about 3 acres benefits from the s tream. A
minimum water loss of 10 , 000 gpd , 2.6 million
g a l l o n s a n n u a l l y , would indicate ^n evaootranspi-
rat ion rate of 1.2 mi l l ion gallons cer acre per year,
;r 4-4 mcnes.

3owden < 1968) computed monthly potential
evaporation ana soil-moisture deficiency at six
stations on St. Croix using the method devised by
3. ' .V. Thornthwaite. Potential evaporation ranged
from 58 to 69 inches and averaged 62 inches per
/ear. Actual evapotranspiration (denved from
potential evapotranspiration and change in soil
moisture) ranged from 41 to -46 inches and averaged
43 inches per year. Bowden's data shows a soil-
moisture deficiency 9 to 11 months of the year at
the different stations. Surplus soil moisture
occurred only in the months of Septemoer to
November. The authors believe that conditions
are similar in St. Thomas.

Stream flow

The 5 to 10 percent of rainfall not returned to
the atmosphere by evapotranspiration from the soil
zone either recharges the ground-water reservoir
or runs off to the sea. Annual runoff in a time of
average rainfall ranges from about 2 to 8 percent
of the rainfall.

Most stream channels on St. Thomas are dry and
carry only storm runoff. Only two streams on the
island have perennial reaches. In these reaches,
about one-half to three-fourths of the flow is storm
runoff, and the remainder is base flow (ground-
water outflow to the streams) .

From 0.5 to 2 inches of water annually reaches
the sea as storm runoff. The amount of storm run-
off varies from basin to basin, depending upon
topography, soil moiftur*, exposure, and vegeta-
tion. Base flow of tt» •flraama with perennial
reaches , whi le oft»ft «qual in volume to storm run-
of f , seldom reaches'Jfr* ««a. The flow usually
infiltrates into aliuirt»!deposits in the lower
reaches of the stream*.

Ground Water

From 0.5 men to as much as 5 inches of the

ra in fa l l annua l l y in f i l t r a tes tr.e so i l j.-.c roocs
:o reacn the ground-water reservoir. ' .Vater in
the ground-water reservoir or aqu i fe r moves ov
gravity toward the sea. '.'.'here tne water taole
is intercepted by the land surface, v.-ater is dis-
charged as a spring or as case tlow tc 3 s t ream.
'.Vhere :t is .-ear the la no s u r f a c e . = u c n as along
stream channels and in coas ta l - rmoayments .
large volumes of water are trar.spirea by p l a n t s
whose roots tap the ground-water reservoir . The
transpirat ion by plants directly :ror. tr.e water
table is so great that only m i n u t e quan t i t i e s of
ground water ever reach tne sea. j i tner as stream-
flow or as seepage directly tr.rougn t.-.e soil and
rocks.

fresh- Salt-Vv'ater in te r face

Tresh water in the aquifers Mone: '.ne coast is
in contact wi th salt water in a cvnarr.ic r v s t e m .
So long as water levels grade seawara , f resh
water will discharge to the sea at the snore.
During times of ground-water recharge, the fresh-
water lens thickens, displacing the underlying,
heavier, salt water downward and seaward. Dur-
ing times of no recharge, the fresh-water lens
thins, as ground water discharges to sea. Salt
water, which moves into the normally fresh zone
:t water during times of no recharge, is not
entirely flushed out by fresh water when recharge
occurs. Some remains behind, where it mixes
with influxmg fresh water. The interface zone of
brackish water is thick where fluctuations in the
size of the fresh-water lens are large.

In some coastal areas, where the fresh-water
lens is thin because of lack of rainfall or unfavor-
able topographic or geologic factors, the under-
lying interface zone may extend inland several
hundred feet at depths of but a few feet below
the water table.

The balance between salt water and fresh water
m coastal aquifers is delicate and can easily be
disrupted by man ' s quest for water. Salt-water
encroachment can readily result by removing more
water from the fresh-water lens than is being
replaced by recharge or by pumping a well at an
excessive rate, in which case the fresh-water
head is lowered, and movement of salt water
upward or horizontally into the fresh-water zone
is induced.
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.VATER SOURCES

Fresn water has always seen m critical supply
.n St. T h o m a s . Sain collected on r~o:'s ar.a stored
m cisterns is still the source of v/ater for most
njral ana uroan domestic suppl ies . Before 1960
.-.illside ra in catch.ments ana a few dug -.veils were
the m a j o r source of v/ater for ouohc s u p p l i e s .
Since tr.en, desaltea water nas oecorr.e tr.e ma jo r
source of water for puulic supp l ies , and water
carged frorr. Puerto Rice :s a ciose seccr.c.

Charlotte A ma he

Charlotte Amahe nas a aual public v/ater system.
Fresh water is used for drinking and general house-
hold needs, and sal twater is used for sanitary and
fire-control purposes. The f resh-water sucp ly ,
ootained from salt-water aistiilation plants, r.ill-
side rain catchments, and a wel l , is supplemented
by water barged from Puerto Rico. Potanle water
use and the sources of the water in figure 8 not
only show the increasing demand for water out also
the shift in sources of the water. In the late
1950's, with the exception of 1957, a drought
year, catchments were the major source of water.
Barged water became the major source of supply in
the early 1960's, but by the late 1960's, desalted
water became the principal source of supply.

Nearly all buildinos , both pnvate and public,
in Charlotte Amalie have roof catchments and
cisterns. In 1926, before the establishment of a
public water system, about 200 private and 17
public dug wells were in use in the urban area.
Since then most of the wells have been abandoned
because of sewage and salt-water contamination.
Some of the salty water was drawn into the wells
from the sea as a result of overpumping, and some
of it entered the wells from leaky salt-water pipes.
A few of the wells are still pumped occasionally
for nondnnking domestic supplies and for construc-
tion purposes. In recent years, wells have oeen
dug in eastern Charlotte Amalie for a supplemental
v/ater supply for the two public-housing projects.
Several other wells tfevc been dug in the same
general area for watt? for nondnnking domestic
use.

Since 1926, 18 public hillside rain catchments
have been constructed. Cf these, 14 are con-
nected to the urban water-distribution system.

•'< ater :s Hauled from tr.e remaining four catcn-
ments oy inciviaual users or by water haulers.
The total area of the public catchments is esti-
mated to oe 2-4 acres, and the storage is estimated
:o oe 14 mi;i;or. ga l lons . R e l i a b l e figures are not
available or. tr.e amount of water used from any of
:ne ca tc r .ments , jut total yleld is estimated to be
5 0 , 0 0 0 gee. :a addition to the public catchments,
four privately owned catchments are in the urban
area.

A caller/ -.veil at the airport was an important
source of v/ater in tne 1 9 5 0 ' s . :t reoortedly
yielded 1 3 , 0 0 0 gpd. .-n a t tempt to increase pro-
duction resulted in salt-water encroachment,
ruining tne well as a source of potable v/ater.

In 1962 the first desalting plant, wi th a capa-
city of 2 50 ,000 gpd, was put into production. In
1966 a plant of 1 million gpd was put into produc-
tion, and, by 1967 , the start was made on a 2.5
million gpd desalting plant.

The demand for water has increased six-fold
since 1960 and shows little indication of leveling
off . In 1962 and again in 1966, when desalting
plants were put on line, water demand increased
almost overnight to absorb the increase m produc-
tion. Water barging, considered a stopgap
measure, has had to be continued to meet the
demand.

The desalting plants reportedly will produce
water at an average cost of about SI .00 per 1,000
gallons when operating at maximum efficiency.
The cost of barged water from Puerto Rico depends
upon equipment used, but in 1967 averaged about
33.50 per 1,000 gallons. Water is sold to the
consumer at a cost of 50 cents per ton, about S2 .00
per 1 ,000 canons. The difference between pro-
duction cost and delivery cost is absorbed by the
Virgin Islands Government.

Rural St. Thomas

Rooftop catchments and cisterns are still the
m a j o r source of v/ater for rural St. Thomas. Dur-
.ng prolonged dry periods, rainwater is supple-
- anted by water hauled from public-supply points
.n Charlotte Amalie. Small ponds have oeen con-
structed, tapping storm runoff for irrigation water
:or truck gardening and drinking water for stock.
Since 1962 several private wells have been drilled
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reservations .naicate tnat wina velocity ana
roof rcnfig-ration are ~a)or factors in tr.e recover/
:f r a i n f a l l from residential structures. High '.vine

•.•/ill blow rain off a pitched roof oriented parallel
to tne w ina , wnereas a rain shadow m propcrticn
to the degree of roof pitch will occur on the lee
5iae of a roof oriented perpendicular to tne wind.
- Y-snaped roof will be affected in the same
• a n n e r , u thougr . probably to a lesser degree . The
.".ost e::':cient is probably a f la t roof w i t h a icw lip
irour.c tr.e ecge. .Vater cannot blow c;f :-.e r o o f ,
.•.cr is a ram sr.acow created, and the lip converts
tr.e reef into a temporary storage container during
>.i3r.-ir.tensity r a i n s . Ra in f a l l recovery on flat
roofs is probaoly greater than tha t measured from
the ni l l s iac- ca tchments , wnereas recovery -n Ditch
roofs .3 probably 10 to 20 percent less, aeoenaing
-n orientat ion and steepness of p i t c n .

F.gure 25 shows an estimate of the annua l costs
3f collecting rainwater and of cistern storage for
a small home. Cistern cost, amortized over a 20-
year period at 5 percent per year ( in te res t costs
not inc luded) , .s estimated to range from i 5 . 0 0
per cuoic foot for 10 percent storage to i 2 . 5 0 per
cubic foot for 100 percent storage of the total
annual recovered rainfal l . Rainfa l l recovery was

-sti-atec t~ oe ' 0 cercer.t o: 2n anr.ua, r a i n : ail
;: 40 incnes over 1 . .00 square fee t :t -~c: ;e_
oovery -ncer tr.ese condit ions wou id y.eia ;t g p d -
:t was assumed that water less sue to i n s u f f i c i e n t
storage would oe rr.aae up py water purcnasea :rom
water naulers at costs of 10, 20, or 3o dollars per
1 , 000 gallons . The figure snows t h a t , us ing
these criteria, the optimum cistern storage would
be about 20 percent of expected annua l recovery,
:T aoout 3.5 gallons per square foot of catchment.
-'-verage yield from ra infa l l alone would be apout
-iO gpd. Annual water cost would range from S130
to SI 96 annua l ly , or S7 .45 per I , 0 0 0 gallons to
i l l . 20 per 1 , 0 0 0 gal lons. Annual cost of 100
percent cistern storage would be $294 or 516.80
per 1 , 0 0 0 gallons.

Ground '.Vater

Ground water is available in nearly all parts
of the island in sufficient quantity to oe of impor-
tance to the water supply. In general, yields of
wells are sufficient only for individual domestic
supplies. There are, however, a few areas
where yields to wells are large enough to warrant

500

400

totr

300

oo

1 200

100

I

Supplement water
430 per 1000 gallons

I

I Storage |5 gallons per squarei foot!
r (28 oercent) !

Supplement water '
• 20 per 1000 gallon's

^StdrageilO gallons
! aer s«uar« foot
|i (|58 percent)

- Supplement water
tipper 1000 gallons

"Annual cost cistern

10 20 30 40 50 60 70 80 90 100
CISTERN STORAGE. IN PERCENT OF TOTAL CATCH

Figure 25.—Annual cost of water from a roof catchment of 1,000 square feet with
a maximum yield of 48 gallons per day.
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- : . - - . } < j 3 j e ;: .nues :or -e te rmin ino . j rsuna-water pc tenua i from pnys ica l
:n:er:a jra e;<a~ cies tor selected wells

r. a i n : 3 1 1
i

inches i Value
( |

< -JO

• J O - 4 5 1

45-50 ; 2

> 50 ; 3
i
1

i
1

Tjpoqrapr.y

Crest of
ridge

General
slope

Central
valley on
general
slope

Large
valley or.
alluvial
flat

V a l u e

• )

1

2

3

-xcosure

Value

Mortn or south |
-lope

Soutn slope
N'orth slope
Sheltered

interior

valley

)

1
2

2

Drainage area

• :res Value

<100

101-200

201-300

301-400

> 400

1

2

4

6

8

Potential

Sum or values

•J or less

5-6

7-8

9-10

11 or greater

Long term
yield , ^pa

<500

500-1 ,000

1,000-5 .000

5 ,000-10 ,000

10,000 +

Examples
Well 3
Well 10
Well 22
Well 20
Well 16

2
1
1
1
1

2
1
2
3
4

2
1
2
2
2

1
1
2
6
6

7
4
7

12
13

1,000-5,000
500

1,000-5,000
10,000
10,000
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the development of puolic suppl ies for local use.
The water , as a wnole , is o: poor q u a l i t y , be ing
siiqr.tiy minera l ized , but can st i l l be considered
p j tao le . :: :ar. oe olencea v / i t r . c i s t e rn - . v3ce r ,
yielding a ~;xea v.-ater of more acceptable pota-
bi l i ty . Householders wno -.jve -.veils generally
preter a cua l sy s t em, j s i n ^ ;he -.veil v /a ter for
w a s h i n g , l a w n w a t e r i n g , : r. ~ san i ta ry purposes and
r a i n '.vater :?r ~!nn<:r . ; ;r.c :^c - ; i r . j .

. . rouna- .Vatei

"u" T-iiiTi -water po ten t i a l A an ;rc-j can in
large part be determined by .ne a v = r - ^ • -^nuai
r a i n f a l l , t o p o g r a p h y , and exposuro to s j l o r ra::i.i-
t ion. ; n genera l , a reas rece iv ing l '_ - ss in an -vj
.r.ches of r a i n f a l l hove a lew - j n u n a - w iter c t ten-
t ial . The southern slopes of the i s l a n d , v .ne re ,
because of solar raa ia t ion , - ivapocranspi rauon :s
nigh and recnarge is low, generally have less
ground-water potential and yield more night ly min-
eralized water than the nortn slopes. Typography
is important in trv" - rho f l a t t e r slopes ground-
water recharge is favored.

A crude scale based on r a i n f a l l , topography,
exposure, and drainage-basin area was developed
for estimating ground-water potential of the rocks
of the is land (table -1) . The dif ferent features are
assigned values ranging from 0 to 8. The sum of
these valuf;s is a number from which an estimate
of the lone-term vield of a well can be obtained.
A deep well wi l l ^enerally yield more water than a
shallow well in the same location. For the
purpose of the scale, a well death of about 200
feet is assumed with the water level in the well at
50 feet below land surface. Lit t le water is yielded
from depths of more than 200 feet below the water
table.

It is emphasized that even though conditions
appear favorable for obtaining o ground-water
supply, there is always o possibility no water will
be obtained as j vrtllmay not penetrate water-
bearing strata .

Water in Consolidated Rocks

The permeable zones ot me consohrt-tod rocks
consist of open jo in ts and f rac tures . Xear t-.e

land surface the joints are open—the result of
weathering and release of pressure. Joint open-
ings , however, narrow rapidly wi th dep tn , anc
general ly at depths of a few hundred feet tr.ey are
too narrow to transmit s ignif icant quantities of
water.

All the bedrock formations are broken oy f a u l t s - -
f rac tures a long w h i c n movement ".as :a<en rlace .
!n some fau l t s , earth movement has crushed tr.e
rock to gravel-size oreccia, whereas ir. e thers tr.e
rock has oeen reduced to a f l o u r l i k e suostar.ce
called f a u l t gouge. Brecciated f a u l t zones r.ot
sealed by minera l deposits or f a u l t gouge car. ce
very permeable and often extend to aepths or
hundreds of fee t .

The orientation of many of the val leys jr.a says
?videntl / is controlled by a f a u l t and j o i n t system
along which erosion has occurred. Va l l eys ,
therefore, are often indicators of zones :>f an
extensive jointing or fracturing system tha t may
contain ground water.

The yield to .veils drilled in the bedrock is
small—generally less than 1 ,000 gpd. M a n y
wells will yield 5 to 10 gpm (gallons per minute i
for about 10 hours. After that they yield at a much
reduced rate as a result of removal of water from
storage in the immediate vicinity of the well.
Once water in local storage is removed, the yield
to the well is reduced to the general yield of the
aquifer. For example, well 17 near Wintberg re-
portedly yielded 12 gpm (17 ,000 gpd) f o r a 24-
hour pumping period when first drilled. However,
almost daily use over the past 5 years has shown
that the long-term yield of the well is about 250
jallons per day.

The consolidated rocks are permeable as a
result of interconnected open fractures along
joints and faults, which tend to be linear. How-
ever, permeability may vary significantly along a
lineation.

One example of possible linear permeability is
the north-south fault in eastern Charlotte Amahe.
Permeability, as determined from pumping tests
of wells, ranged from about 1 to 9 gpd per ft2

(gallons per day per square foot) east and west of
the fault. Immediately along the fault zone in the
vicinity of the race track, however, permeability
ranged from about 70 to 150 gpd per ft2 . South-
ward along the fault permeability was 1 gpd per ft .
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The effective porosity, or storage capacity, of
the consolidated rock also Is related to open Inter-
connected fractures and joints. Effective porosity
In the upper Turpentine Run basin is estimated to
be 4 percent based upon changes in the ground-
water level in response to rainfall. Effective
porosity of the rocks in most of the island is esti-
mated to be 1 percent or less.

Water in Unconsolidated Rock

Water-bearing unconsolidated deposits are
present only in Turpentine Run Valley and In coastal
embayments. These deposits consist of two dif-
ferent llthologlc types, which have a variety of
water-bearing characteristics. They can be divided
into (1) a bouldery silt and clay alluvium, which
contains lenses and beds of sand and gravel, and
( 2) beach deposits, predominantly coral sand and
occasional interbedded zones of coral, beach rock,
and organic silt and clay. In the coastal embay-
ments, alluvial and beach deposits may interfinger.

The alluvial deposits are predominantly fine
grained, and, although they have a high porosity,
they have a low permeability and will yield water
only slowly to wells. Water in these deposits is
with few exceptions underwater-table conditions.
Sand and gravel beds and lenses in the alluvium
are rare. Where present, however, they will yield
water readily and act as a large collector system
Into which water from the less permeable alluvium
will percolate. Occasionally the water in the sand
and gravel beds is under artesian pressure because
they are confined by the less permeable overlying
alluvium.

The beach deposits, principally medium to
coarse coral sand, have a moderate to high per-
meability and porosity and will yield water readily
to wells. The moderate to high permeability of the
beach deposits is often detrimental In that salt-
water encroachment can easily occur.

Ground water In Sfft]BWMf is assumed to be
underwater-table conMiww—that is, the water
surface is unconflned, open to the atmosphere, and
free to rise and fall. Sufficient data are not avail-
able to show contours of the surface of the water
table throughout the Island. In general, the water
table roughly parallels the topography. The depth

to the water table is a few feet below land surface
in the coastal embayments but may be as much as
120 feet below land surface near the crest of the
central ndge.

The water table responds to changes in the
quantity cf water stored in the ground-water reser-
voirs. The water table rises when recharge from
rainfall or streamflow exceeds the discharge; it
declines when discharge to springs, streams, or
the sea, evapotranspiration from the water table,
and withdrawal of water from wells exceed recharge.

Water-table fluctuations

The hydrograph of well 1 in figure 26 is typical
of the water-level fluctuations in the rock aquifer
of the south coast. Recharge follows the infre-
quent heavy rainstorm or smaller storms in a wet
period. The overall low storage capacity of the
rock causes a rapid rise in water levels, but the
steep hydraulic gradients result in rapid losses
and almost as rapid declines.

Figure 27 is the hydrograph of well 24 tapping
the alluvium and weathered bedrock in the lower
Turpentine Run Valley, and figure 28 is the hydro-
graph of well 21 in the alluvium of the upper basin.
Recharge Is received every time storm water runs
off in the stream and water levels rise. Between
times of storm runoff, ground-water levels are
partly maintained by the infiltration of base flow
from the stream when flow is present.

The hydrograph of well 19 in figure 29 shows
the pattern of water-level fluctuations of the rock
aquifer in upper Turpentine Run basin. The pattern
is similar to that of the rock aquifer of the north
coast and larger valleys on the south coast. Here,
greater permeability and storage capacity and
generally thicker soil and alluvium result In a
slower but more prolonged response to recharge and
a slower discharge. The "troughs" in the
hydrograph during early 1965 were caused by pump-
age (averaging 18,000 gpd) from a nearby well.

Recharge

The bedrock aquifer is principally recharged by
infiltration of rain on the land surface. Stream-
flow and storm runoff locally recharge the
alluvium, which may, in turn, contribute water to
the bedrock aquifer In the major valleys and allu-
viated coastal embayments.
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Rain fa l l , vegetation, evaporation, surficial
deposits, and exposure to solar radiation are the
main factors affecting recharge to the aquifers .

Leaky-salt water and sewage mains m Charlotte
Amahe and eff luent from sewage plants in the
Turpentine Run oasin also contribute water to the
aquifers as does effluent from septic tanks through-
out the is land. Recharge from these sources is
detrimental as it is a potential source of pol lut ion.

The bedrock aquifer is recharged infrequently
and only after a heavy rain or series of lesser
rains. The amount depends on the antecedent
rainfall and the degree to which soil moisture has
been depleted by evapotranspiration since the last
rain. Extensive brush cover and the granular
nature of the soil cause rapid evapotranspiration.
Conversely, the granular nature of the soil will
allow water to pass through the soil zone without
the soil being completely saturated — saturation
being required only along the conduits between the
soil granules. This reduces the water needed to
satisfy soil-moisture requirements before recharge
can take place. Even then, under dry conditions,
a major rainstorm of 2 inches or more, or the equi-
valent in lesser rains, is necessary to initiate re-
charge to the bedrock aquifer. The amount of
rainfall necessary for recharge varies from one part
of the island to another. On the north slope 1 inch
of rain may cause recharge, whereas on the south
slope, under dry conditions, 3 inches or more may
be necessary for recharge.

The fluctuation of ground-water levels indicates
that recharge to the aquifers on the south-facing
slopes is less frequent than on the north-facing
slopes. Less frequent recharge on the south slopes
is attributed to the greater solar radiation received
by these slopes, which results in increased evapo-
transpiration and a greater soil-moisture deficiency.
Consequently, a greater volume of water is neces-
sary to overcome the soil-moisture deficiency before
recharge takes place.

Where the surflclal deposits (saprolite or
alluvium) are thick^Btnglng from 2 to IS feet, as on
the north slope in U|)L>|ii l i i i l j of Dorothea, in upper
Turpentine Run basiitvend In the alluvial embay-
ments, such as at Long Bay and the Harry S.
Truman Airport, water is retained in the surficial
deposits and takes a much longer time to reach the
bedrock aquifer. Peak recharge to the bedrock
aquifer may lag as much as a month behind the
rainfall. In some places little recharge reaches

the bedrock aquifer--as most is discharged to
spnngs or streams directly from the saprolite or
a l luv ium, as has been ocserved in the vicinity of
Dorothea on the north slope.

Runof f from major rainstorms is the principal
recharge to the aquifers of the coastal embayments
and is an important source of recharge to the
alluvium of Turpentine Run. Base flow of Turpen-
tine Run and Bonne Resolution Gut at Dorothea
Bay, when present, also contributes recharge to
the unconsolidated aquifers in their respective
basins.

For convenience of discussion, the island has
been divided into five ground-water areas as
shown in figure 30. Estimates of yield in these
areas are given in table 5.

Tjble 5. - -est imated yield of ground-water jreas . Seehg. lu I

_, round -water
jrea

1
I f Long Bay t
1 ( Lmdberg Say I
i
2 Upper oasm
2 Lower oasm-
3
4

5

Total

-rea.
3q mi

13.6
. 3 V
.21/1

3.4
2 . 3
1 .1
4 .6

.42 /
10.0

32

estimated yieia
jpd

450,000
70,000 y
30,000 3/

350,000
300,000 4/

50,000 4X
250,000
100,000
100,000

1,250.000

mg/yr

164
2 5
11

128
110

18
91

16
36

-155

-r.nual rec.ijrqe.
. iches

0 . 7
4 .9
4 .3

:.2
2 .8
1 .1
i .:
5 . 3

.2

\/ Approximate area of alluvium only.
2/ Does not include drainage banns at Areas 1 and 5

which contribute recharge to Area 4 from surface-
water runoff.

j/ Yield included in Area 1 total.
4/ Yield included in Area 2 total.

Ground-Water Areas

Area 1

Area 1 encompasses about half the land area .
It is underlain principally by fractured volcanic
tuff and breccia of the Louisenhoj Formation, on
which 1 or 2 feet of soil have developed. On the
south side of the island, from the vicinity of
Charlotte A ma lie westward to Brewers Bay, the
volcanic rock has been extensively fractured.
The fractures, however, have been filled with
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CO<o

A | | A S E X P L A N A T I O N

Area 1

Wells in rock 50 to 300 feet in depth will yield up
to 1,000 gpd. In some larger basins and
alluviated embayments yields up to 10,000 gpd
may be possible. Water contains 1,000 to 1,500
my/1 chloride. Wells drilled near the sea and
below sea level may yield brackish water when
drilled or if pumped at excessive rates.

Area 2
Wells in rock 50 to 250 feet in depth will yield up
to 30,000 gpd. Generally, deeper wells have a
higher yield. Short-term yields of selected wells
may be as great as 150,000 gpd. Wells tapping
alluvium of lower Turpentine Run will yield up to
10,000 gpd. Water contains about 1,000 mg/1
dissolved solids and about 200 mg/1 chloride.
Little danger of salt-water encroachment except in
lower Turpentine Run.

Area 3

Wells in rock SO to 200 feet in depth wi l l y ield up
to 5,000 ypd. In some larycr drainaye basins,
yields up to 10,000 ypd may be possible. Welter
contains about 1 ,000 my/I dissolved solids and
about 200 my/1 chloride. Wells drilled near the
sea and below sea level may yield br<ickisl i water
when drilled or if pumped i)t excess ive r. i tc. ' .s.

Area 4
Wells in limestone 50 to 150 feel in depth wil l
yield up to 50 ,000 ypd. Short-term yields of
selected wells may be us yreat as 1 5 0 , 0 0 0 ypd.
Water contains about 1 ,500 my/1 dissolved solids
and 200 to 300 my/1 chloride. Wells drilled near
the sea or below sea level may yield brackish
water when drilled or if pumped cit excessive la tes .

Area 5
Wells in rock 50 to 300 feet in depth will yield up
to 1,000 gpd. In general yields are small. Water
contains 1,000 to 1,500 my/I dissolved solids and
300 to 500 mg/l chloride. Wells drilled on penin-
sulas and in coastal areas generally wil l encounter
brackish water. Ground water polluted by leaky
salt-water mains in Charlotte Arnalie area.

Figure 30.—Ground-water areas of St. Thomas showing location of wel ls, springs,
stream gages, and rain gages.



secondary minerals.

Alluvium and beach deposits fill the coastal
embayments and are especially prominent in the
Charlotte Amalie area.

Ground-water levels range from a few feet below
land surface in the embayments near the sea to as
much as 120 feet below land surface on the central
ridge. Depth to the water table is greatest beneath
ndges and least in the valleys and lowlands.

Wells range in depth from 50 feet in the low
coastal areas to 250 feet or more near the central
ridge. In general, the higher the altitude of the
well site the greater the depth of the well. There
is really no particular depth at which an aquifer can
be successfully tapped, as yield depends entirely
on the depth and density of open water-bearing frac-
tures. A well in the Long Bay area (well 12) at an
altitude of 40 feet was drilled to a depth of 120
feet before water-bearing fractures were penetrated.
Well 10, on the other hand, at an altitude of 320
feet on the slope of the central ridge, penetrated
water-bearing fractures at 60 feet. These, of
course, are extremes. Long-term yields of wells
generally range from 250 to 1,000 gpd, although
initial or short-term yields may be 10 times
greater.

Two valley areas. Long Bay and Lindberg Bay
on the east and west edge of Charlotte Amalie, re-
spectively, have greater ground-water potential
tha n the remainder of Area 1.

Long Bay.—The Long Bay area lies in a basin
about 1 square mile in extent, of which about 0.3
square mile is alluvia ted coastal embay ment, and
the remainder is steep-sloped volcanic ridges with
little soil cover. Alluvium as thick as 60 feet
overlies the bedrock. Near the coast the alluvium
underlies and interfingers with a thin beach-sand
deposit. A relatively impervious clay overlies the
bedrock from a line about 1,500 feet Inland sea-
ward to the shoreline et Long Bay, and probably
extends out under Loaf. Bey. Water is present in
the alluvial deposit!. Hut the main aquifer Is the
underlying volcanic OfJft- In general, the bedrock
underlying the alluvfet* ytelds more water than that
underlying the ndges. The zone of greatest yield

to wells is oour.d by the two fa in ts p a s s i n g :.-.:-:•_,• r.
•ne area.

A. fac tor ':«nt:r:3^:"in ; •.:• tne :;rcauct;v::v -f -.v:
sedrcc*: is tne :'.onv::;q a l luv ium that jc:3 ii J

~ua r.ti tlc?S DC ' .Vl '»3r. . ? C 3 U £ i 2 C* 1CS ; '.'/ L ^ r T H r d —

bility it general ly y ie lds l i t t l e water •'-• •••••ells.
but it yields wat-3r sicv.-ly to tne ..-.aerlvir.j cod-
rock aqui fer . The crincipal orea of reci T;e t:
the bedrocK aqu i fe r trom rhe a l l u v i u m : : : ::-..»
foot of the volcanic riayes ifilanc :t ..-.; •'-*-<? •;
the impervious clay wedge capping :r.-j *:•»•.:.-.'•:
and mostly upgradient from the area : oaky ;:-
water mams.

The long-term yield cf the a l luviun*.- - .«drcc '<
aquifer is estimated tc be from 60,00:1 - •> ' • : .> ; r <0
3pd. The yield of wells ranges f rom ar :ut : "0
to 7 0 , 0 0 0 gpd. The high yield of seme :f th?
wells, however, has little to do wi tn r.he !•_-;-
term yield of the aquifer. Sustained p':mpaca .r.
excess of the long-term yield of the aqui fer wul
deplete the fresh ground water in storage and prob-
ably result in salt-water encroachment.

Saltwater has encroached in a narrow strip o£
the alluvial aquifer bordering Long Bay because of
pumping dug wells 13, 14, and 15, which supply
Pearson Gardens public housing. Nearly half the
alluvial aquifer, however, is contaminated to
some degree by leaky salt-water mains. The
approximate limits of salt-water contamination are
shown in figure 30. The bedrock aquifer under-
lying most of the contaminated alluvium contains
fresh water because the principal recharge area is
upgradient of the relatively Impermeable clay cap
overlying the bedrock throughout most of the
contaminated areas.

Salt water has entered the bedrock in at least
one place. Well 11 became salty after being
pumped heavily for about 3 months. Salt water
from the alluvium has apparently entered the bed-
rock aquifer through several improperly construc-
ted wells. In each the annular space between the
wall of the well and the casing was left open, and
salt water moved down the annular space, contam-
inating the bedrock aquifer in the vicinity of the
well.
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o. ar.c . • •= ~een ur i l iea .r.
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->pjs . i3 . . ' e i i ." i j dry j. ' . r '~'j JP. !t v.'js "ir:..jd
•-: i -IT-.-! cf 2'JO feet. "-.:.- -. :".j 6 ".ave : . •,-;-

••e1.1-, r.robabiy '.vili viald i . 1 , ^ 1 . ' J opd in the T e r . i r ^ i
"i r t : .i:a er.baymon; ^.ortr, c.f the airport. T'.-.e
n:_.; '_:.-. -= relatival-/ :hic'- rhere jnd, tr.us , .'
= ",O';:u contribute -jo-i.-iise-able 2u.in.t:ties c: w a t e r
'3 -hi 'j-.Jerlving aedrocx: ,-i.Tuifor.

r .•• ":c?er.t;al yield of the bedrock ecuifer .z
'".::. "•'. ̂ d '.c oe 3 C , O i T O gpd. 33Suminr; djta ' r . t3in»d

r^- . -^ Long 5ay r:rja car ce applied.

Salt-water mains in the Bourne Field housing
jrsa are known to leak, and it must be assumed
;.-.jt :.-.a oiluvium in that vicinity is contaminated.
The same care to prevent salt-water contamination
oy in.croper well construction must be taken nere
•*s in the Long Bay area.

At one time a gallery paralleling the runway
jt tr.e airport wav UMd for water supply. This
gallery, which coM|Ot«d runoff from the pjnway
=s.-.a stored water HHjw alluvium and landfi l l fir
fu tu re a3e, r.ad «^lMdL£**timated to be 11,000 ;pa.
Unfortunately, th« 9ftH«ry was overpumped and
salt-water encroachment followed. Salt water is
stall present in the alluvium near the well and is
.n a position to intrude the bedrock aquifer.

;.Vater from the gallery occasionally is used for

'-::able purposes. The use of water from
-:.•.'3v drainage for drinking purposes, :f course,

oecause of the presence of toxic
such as Hydrocarbons and tetraetnyl

:"rjm spilled a i rc ra f t fue l s .

rea 2 is the drainage oasin of Turpentine R u n .
-"••enience it is separated into an upper ana

•:•-.{ ^asm; the upper basin above the stream-
•.". J station near Mt. Zion, and the lower basin

. - • • • • : . The principal rocks are volcanic f lows ,
':. ir.d breccia. Alluvium as thick as -10 feet
•5 .-. '.ne main stream channel of the lower oasin.
;r'.hv/est-onented fractured and jointed zone
•y'-.r':-.normally altered rock bisects the upper

?;i i i-?ci wells range from 40 to 250 feet in
i d C t h . The shallower wells tap the alluvium and
. ;_,:her': ; bedrock of lower Turpentine R u n . The
f e p t h c-f the rock wells is not necessarily a cri-
•«r:;r. of ;reater yield, but is usually an indica-
• . ^n ct wnere a zone of water-bearing fractures
•:-'-\j oenetrated. Short-term yields from indi-
• . J u d l rock wells in the upper basin are as great

•i5 1 5 0 , J O O g p d . Sustained yields, however,
':-i%'e from about 3,000 to 30,000 gpd. Indi-
.1 .L:J! veils in lower Turpentine Run yield as
• en is 30,000 gpd, but sustained ground-water
.Yi!.u.drawois of more than 10,000 gpd will probably
ro -u l t in ssa-water encroachment.

~ round-water levels.—Contours of the ground-
v/acer surface during August 1965 and January
1066, are shown in figures 31 and 32. The arrows
on these maps indicate the general direction of
jround-water movement. In the upper basin,
•./hen water levels are high, ground-water flow is
split—part moving along the course of Turpentine
Rur, .ind part moving through the fractured and
altered zone at Mt. Zion and emerging as a series
~>i springs discharging to Turpentine Run in the
lower basin . When ground-water levels are low
in tne upper basin, nearly all ground water is
.rcoably discharged through the fractured zone at
Mt. Zion, and a temporary ground-water divide is
established at the position shown in figure 31.

Ground-water levels in the basin fluctuate in
relation to discharge from and recharge to the
aquifers. Figures 29 and 27 are the hydrographs
of wells 19 and 24 drilled in bedrock in the upper
basin and in the alluvium and weathered rock of
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No data base is available for a detailed assessment of population within a particular radius of the
site. The best available information follows this note, and consists of a 1980 census by water district.

Populations were estimated by adding together the populations of each district within the radius of
interest. In cases where only a portion of a district is within the radius, population was prorated by

area.
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FIGURE 3-4.
Projected demand of the service districts on St. Croix for the year 1980.
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FIGURE 3-6.
Projected demand of the service districts on St. Thomas for the year I960.
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J. F. MAOT1NEZ & C1A., INC.
MECHANICAL CONTRACTORS

CAM. If, KM. 0.9, KX MONACOUM
GUAYMAM. KOTO UCO

TBl 711.1097 • 711-MU

JULY 18, 1987

9. a tax - AK
GAMMA HOCHTS STAIION

SAN JUAN. PUCCTO IICO 00*23

Rat Petro Tite Tank Test
JULY 11, 1987

Test Location: TUTU TEXACO SERVICE STA.
ESTATE ANNA'S RETREAT, NO. 1
ST. THOMAS, U.S.V.I.

Petro Tit* teat performed on tank system #1 , in order
to determine tank's mechanical integrity.

Tank system # i subject to Petro Tite test under the
condition* detailed in tank chart ( B) • Results of July 11,
1987 demonstrated that tank system ft l (does, v]fifiAiAii«gt

meet the criteria ("TIGHT" ± .OSO gph) established by the
National Fire Protection Association Pamphlet 329.

The criteria established of ± .050 gallon/hour is a
mathematical calculation based on actual liquid volume
change and temperature change, and is not intended as a
permission of a leak.

"LEAKAGE INDICATED GALLON/HOUR"

J. F MART.

U •rÛ -oaiio Ur

INC.

Maiio Urdaneta
Tank Testing Technician
S.H. 1318

Comments s. SEE TANK CHART B

oiaand aa oowxai woad 12:^1 .̂8. :e inr



REFERENCE NO. 20



NUS CORPORATION TELECON NOTE

CONTROL NO: DATE: TtMC:

DISTRIBUTION:

Ci-

BETWfEN:

Leonard.

Qf PHONC:

AND:

— "N "D \.\.(L>**e. INUSI

DISCUSSION:

'Sr>*KJ>
^

/I
^

k«(-(C U-cvOLskifO
A4 £ml c/ c' ~n -̂ 'ivcf-a

iQCG-4-L*. 1 ~Vr\ i.S Tvt "TO

I ̂ T1 ' / /IP O <*v*•
2-

A^f CT

s+
"\

M - *¥
-W»

vxs oT" XvCva. ^O> "t^ o o *-v *v t^t

w
ACnONITUM:

/ • C^^T V <-.r~ t ̂  ^ ^ ^O A *^O ̂ ^ d v^v ^^ T » ' ^

artarf .•ftscf^i
TI



REFERENCE NO. 21



CALL QOISCVjSSlO

COMMUNICATION

SUMMARY OP COMMUNICATION

COMCLUMOMS. ACTMMt TAMM OH HCQUMCO

ICH MAY •« UMO WMTIk• PA r«M> 110*4 (7.98



REFERENCE NO. 22



_ .-PRELIMINARY INVESTIGATION OF TEXACO VIOLATIONS

DATE: 05 AUG. "87
TO: TEXACO 's FILE
FROM: LEONARD REED
SUBJECT: TEXACO's VIOLATIONS {waste oil, etc.)

On 05 August 1987 at about 07:45 hrs. an inspection was conducted of
the Texaco Tutu facility located at ?? Anna's Retreat. Mr. Vernon
Morgan was contacted for information relative to the inspection. The
inspection revealed that there were several violations of V.I.
Laws /Regulations. The findings are as follows:

1. A large underground container with concrete top that is •
part of the entire surface area was on site. This container had a
concrete partition that may have holes towards the bottom since the
material contained therein was of the exact height in both
compartments. The container was protected with a circular cast iron
cover. The material contained appeared to be waste oil. It was not
possible to determine the construction of the subsurface tank to
include depth, width, length, type of bottom [concrete, dirt, etc. ] .
Waste oil is classified as a hazardous waste in 19 R&R ch. 56 sec.
1560-500. Said waste oil was generated in violation of 19 R&R sec.
1560-501. Said waste oil was also stored in the above tank in
violation of sec. 1560-501.

2. There were there (3) service areas, each equipped with
hydraulic hoist and waste oil collection trap that had pipes installed
to transfer the waste to one (1) or more of the waste oil storage
tanks. Each of the three (3) traps contained waste petroleum products
in violation of 1560-501.

3. There was a filled septic tank on the property that will
be in violation of 19 R&R sec. 1404-73 if further investigations

there is public sewer available.

The soil of the unpaved area along the northern boundary
was saturated with waste petroleum products. There were several
containers of petroleum products stored in said area along with
automotive parts all in violation of 1560-501. The auto tires
contained in the above accumulation are capable of breeding mosquitoes
in violation of 19 VIC section 1563 (5) .



TEXACO1s VIOLATIONS 05 AUG. "87 continued page 2 of 2
___3^ .There was a large distinctly circular area with a square

steel plate cover that was also filled with waste oil. It was not
possible to determine the length, depth, width, type of bottom
[concrete, soil, etc.]. Said waste oil was generated and stored in
violation of 1560-501.

6. The storm drain contained waste oil or similar petroleum
products in violation of 19 VIC section 1563 (13) and 19 R&R section
1560-2 (j).

7. There were two additional man holes covered with square
steel covers. It was not possible to determine the contents of said
man holes due to the rear wheels of the most north of three (3) (semi
trailers being on the said covers. These are suspect of containing
petroleum products since the cistern and the septic tank were
identified. FOLLOW UP IS NEEDED!
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J. F. MARTINET & CIA.. INC.
MECHANICAL CONTRAaORS

CAIL If. KM. O.J, tO.
OUAVNAIO. PUfXTO «OO

TBA 711.10*7 - 7««.«JJJ

f. a MX • AJC
CAPAIIA HIKSHTS STATION

SAN JUAN. PUWTO HCO 00*72

JUL* 18, 1987

Re: Petro Tite Tank Test
JULY 11, 1987

Test Location: TUTU TEXACQ SERVICE STA.
ESTATE ANNA'S RETREAT, NO. 1
ST. THOMAS, U.S.V.I.

Petro Tite test performed on tank system # 3, in order
to determine tank's mechanical integrity.

Tank system # 3 subject to Petro Tite test tinder the
conditions' detailed in tank chart (A)* Results of juiy u,
1987 demonstrated that tank system #3 (does, does not)
meet the criteria ("TIGHT" ± .050 gph) establfsfieT ;5y \he
National Fire Protection Association,Pamphlet 329.

The ctiteria established of ± .050 gallon/hour is a
mathematical calculation based on actual liquid volume
change and temperature change, and is not intended as a
permission of a leak.

"LEAKAGE INDICATED

INC.

Mafeio Urdaneta
Tank Testing Technician
S.N. 1318

Comments * F TANC CHART A. RRFAKACF. OF
TANK. CBQSSIY TfJMTYtK TANK
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02-8902-40-PA
Rev. No. 0

MRS

Grounawaitr Rout* Score (S-w) 0 c
Surface Water Route Score (S3w)

Air Route Score (Sa) 0

c
/

x 0

%

WORKSHEET FOR COMPUTING SM

PRO

Ground water Route Score (Sgw)

Surface water Rout* SCOT* <S9w)

Air Route SCOT* (Sa) 0 O
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Ground wat*r Rout* WorK Sn**t

Rating Factor Assigned vaiu* MUKI- u_
.C.rci* On*» siitr ""

Lj Oos*rv*d R*i*as* (OT) 45 1 f

S Sc", PRO

P "3 a

if oos*rv*a rti*as* is giv*n a scor* of 45, proc**o to im* [Tj.
II ooscrvtd r*<*as* is given a scor* o* 0. oroc**d to line jl}.

Uj Route Characteristics
0*otn to Aquil*r ol 01 Q 3 2 *4" 8 /
Concern ^H . |

Not Precipitation 0 £3 23 1 ' 3 ,
P*rm*aeiuty of in* 0 1 ffil 3 1 ^k 3 *^
Unsaturatcd Zone ~a

Physical State 0 i 2 CT i 3 3 J

>— I Containment

Total Route Charactenattca Score /

o i^a 1
111 Waste Characteristics

Toiicity/Peraiatence ($> 3 8 9 12 tsjil 1
Hazardoua waste ^JQ 2 3 4 5 8 7 8 1 f
Quantity • C

ul Targata

Total Waste Charact*nstics Score ^

Ground water Use ! ' 13 3 3 C
Otstance to NO*
WOM/POQUUUO.

rest 1(9) « 8 8 to i .
» } 12 18 18 20 . ((

I 24 30 32 35 HO

Total Targets Score (j

O if line Q] is 43. multiply Q] i Q] • (?)
If line Q] is 0. multiply [T] « Q] * E3 * GO '

LH Oivide line [7] Oy 97.330 and multiply Oy 100 *gw"

9 13 /0

^r ' 3

O 18 f»

> ' /

3 » /r
*> w yo

's •• %

*r 3* ivwU Im * (J A t ft
j^^^Uf vf^*^^
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Surface water Route work Sneet

Rating Factor

UJ Observed Release

Assigned value MUIU- upe M*x
 D i

(Circle One) o»«r •""« score PRO

gy 45 f ^ <3 ft
it ooserved release is given a value of 45. proceed to line (TJ-
if observed reieaae is given a value of 0. proceed to line [T).

«J Route Characteristics rf-f. «
Facility Slope and Intervening figjl 23 1 £) 3
Terrain / ,i

i-yr. 24 r̂. Rainfall ogiKj 3 1 1 3 *£.
Distance to Nearest Surface IM1 23 2 0 8
water ^^ -^

Physical Slat* 0 1 2j^ 1 3 3 ~*

QI Containment

Total Route Characteristics Score £f 19 ^^

0 1 2 0 1 3 ^ 3

Q waste Characteristics ^~ A / ff
Toxicity/ Persistence ® 3 6 9 12 19 Ĵ i ^ 18 / *
Hazardous Waste WJG 2 3 4 9 6 7 8 1 (^) 8
Quantity

ul Target* +
Surface water Use 0 1 |S 3 3^9 ^
CHstame >o a Se*ettve P\ 1 2 3 2 (^ 8 D
fnpiiiaiijji Ser»ed/0lstance I JflQ 4 6 8 10 1 /^ *0 ^
OunilMUBI j 24 30 32 39 40

Total Target* Score ^ 59 ĵ

(3 it line Q] is 49. multiply Q] i (3 i (3 *. \-4\Q
it line [T] is 0. multiply Q) s Q] s Q] * (3) *oso •' *

LJ Divide line (6J by 64.390 and multiply by 100 Ssw - Q ^.(ofe

6 -
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